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PREFACE 

The purpose of the authors in preparing this work has been to 
produce a treatise which would present a comprehensive survey 
of the American petroleum industry, distinctly modern in every 
respect, and suitable not only as a general reference work for 
those engaged in the industry but also as a text-book for students 
of petroleum engineering. For these reasons, the subject matter 
is essentially descriptive, without, however, omitting the theo- 
retical considerations necessary for the proper understanding of 
the subjects included. 

While it is by no means a composite work, the authors have 
been fortunate in securing the collaboration of authorities, as 
writers on subjects with which they are especially qualified to 
treat. The names of Messrs. F. G. Clapp, E. E. Greve, Roawell 
H. Johnson, J. P. Cappe^u, and L. 0. Huntley are a guarantee 
that no pains have been spared to make the work a faithful record 
of the present knowledge of the American petroleum industry. 
Six of the eighteen chapters constituting the treatise have been 
prepared with the full cooperation of these experts; the other 
twelve chapters deal with such subjects as are within the knowl- 
edge and experience of the authors, and it has not therefore been 
necessary to arrange for their preparation by others. It must 
be mentioned here, however, that Mr. George H. Taber, Vice- 
President of the Gulf Reiining Company, Pittsburgh, Pa., and 
a recognized authority on petroleum technology, has critically 
read the entire manuscript and has made numerous valuable 
suggestions, especially on the treatment of the subject of refinery 
technology. It ia a real pleasure for the authors to acknowledge 
their deep indebtedness to Mr. Taber and to Mr. Wesley A. 
Looney, General Manager of the Gulf Refining Company, for 
their mature advice, helpful criticisms and courteous interest. 

The acknowledgments of the authors are also due to the various 
refiners of petroleum and to the manufacturers of refinery equip- 
ment who have supphed descriptive information, en^neering 
data and photographs; and to the Director of the United Stat€3 
Geological Survey and the Director of the Bureau of Mines for 
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their kind concurrence. F. W. Clarke's monumental work, " The 
Data of Geochemistry" (Bulletin 616 of the United States 
Geological Survey), hsa been freely drawn from in the produc- 
tion of Chapter I; while "The Mineral Resources of the United 
States" has been an invaluable repository of needed statistical 
information. The publications of the Bureau of Mines which 
have been used in the preparation of this work, are mentioned 
in place. Report No. 291 of the Mines Branch, Canada Depart- 
ment of Mines, has been of real aid in the composition of Chap- 
ter VI. 

The authois aak the indulgence of the reader for any errors or 
omissions that occur in the present volumes. In a work of this 
character, covering so lat^ and progressive a field, an early re- 
vision will probably be dedrable, and the authors will accord- 
ii^y be grateful for any suggestions with this end in view that 
may be submitted to them. Comparatively little space is de- 
voted to the geology and production of crude petroleum; for 
further information on these subjects, the reader is referred to 
Johnson and Huntley's "Principles of Oil and Gaa Production" 
(New York, 1916). Then, too, the law relating to oil properties 
has been purposely omitted: this subject is considered at length 
in G. Bryan's "Law of Petroleum and Natural Gas," 1898, and 
in W. W. Thornton's "Law relating to Oil and Gas," 1904; oil- 
land law is discussed by G. 0. Smith in Trans. Am. Imt. Min. 
Eng., 48 (1915), 443; and M. W. Ball has considered the placer 
law as applied to petroleum in idem, 451. 

No list of the abbreviations of the titles of the technical period- 
icals cited has been prepared for the reason that the standard 
joumt^ list of the American Chemical Society has been followed 
(see Ckemicai Abstracta, December 20, 1915). 

Rathond Foss Bacon, 
WxLLiAH Allen Hahor. 

The Millon Inhtitutb of Indttstbiai. Rdskarcb, 

PiTTSBOROH, Pa., 

Juae 1, 191 Q. 
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THE AMERICAN 
PETROLEUM INDUSTRY 

VOLUME I 
CHAPTER I 

THE GEOCHEMISTRY OF PETROLEITM 

THE COMPOSITION OF PETROLEUM 
' Petroleum' is a naturally occurring liquid of great economic 
Ktmportaiicc — the most valuable of the bitumens. It is, like 
natural gas and asphaltuin, an extremely complex mixture of 
compoimda of carbon and hydrogen. Moreover, it contains 
many widely varjing substances in small amountB—sulphur 
compounds, products of oxidation, nitrogenous substances, 
etc. — -whose exact nature is not always clearly defined.* 

' An early use of the word petrolemn ia found in the Wardrolio Account, 
21-23 Edw. III., >5i!. which contains this entry: "Delivered to the King 
in his chamber at Calais: 8 lb. petroleum." A', and Q., (7), 6, 24S. The 
word petroleum was i;aed by Kdnhad Kteeer in 1646 (Pbldbaus, Petro- 
leum, E, 63.'i). It is derived from the Latin pefra, rock -\- oleum, oil- 
Petroleum ha3 been legally defined as follows (Kibk va. Peterson, Pa. 
St., <I, 3S1): "Petroleum or rock oil is easeDtially composed of carbon 
and hydrogen, and ia a liquid inflammahle substance or bitumen exuding 
from the earth. It is collected in various parts of the world, on the surface 
of the water, in wolla and fountains, or ooiing from cavities in rooks." 
For a definition of petroleum as used in an English Act regulating the keep- 
ing and sale of petroleum, see Beck vn. Stri.vgeb, L. R., 6 Q. B., 504. 

Oil direct from the well should always be designated "crude petroleum" 
in preference to "crude oil" (on this point, seeDoNATB, Chetn.-Zlg., 37,661); 
the simple term "oil" is widely used by geologixte. 

Regarding the early history of petroleum, see Bovebton Redwood's 
"A Treatise on Petroleum," 3d ed., 1, 1-3. It may be noted here that it 
was used by the Medes and Persians in religious oerenionies and as a fuel 
for lampff in the second century (von Lippmann, Chem.'Zig., 86, 637). A 
full historical account of the American petroleimi industry is given in 
Chap. V (pp. 197 to 271). 

■ The proximate analysis of petroleum consists in separating il^ com- 
ponents from one another, and in their identification as compounds of 
definite constitution. On the analytical ekaraeterisliea of American petro- 
leums, see pp. 122 to 19S. 

Different petroleums arc coinpoaod roughly of 13 to 11 per cent, of by- 
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All the hydrocarbona fall primarily into a number of regular 
series, to each of which a generalized formula may be assigned, 
in accordance with the following scheme: 





1. C„H»^t^ 




2. CiH..' 




3. CH^,." 


Members of 


A. CH„^. 


thwe have been 


6. O.H„j. 


und in petroleum. 


6. C,H„_,. 




7. C.H..,. 




8. C„H„_„ 




9. CnHa,-,,. 






Each of these expressions represents a group of series — homolo- 
gous, isomeric, or polymeric, which, for precise work, must be 
considered separately. The &rst formula, for example, represents 
what are known as the paraffin hydrocarbons, which begin with 
methane, CH(, and range at lea^t as high as the compound CibHti. 
These are again subdivided into a number of isomeric series — 
the primary, secondary, and tertiary paraffina — which, with 
equal percentage composition, differ in physical properties owing 
to differences of atomic arrangement within the molecules. 
Each member of the series differs from the preceding member by 
the addition of the group CHi, and also by certain physical 
characteristics. For instance, methane is gaseous; the middle 
members of the series are liquids, with regularly increasing 
boiling points; the higher members are solids, like ordinary 
paraffin. These hydrocarbons preponderate in the Pennsylvania 
petroleums, from which the members of the series given in Table 1 
have been separated. 

The isomeric secondary paraffins isciyutane, isopejUane, iso- 
hexane, iaoheptane, and isooctane should be included in thb list, 
and even then it is undoubtedly incomplete. For instance, the 
solid paraffins CiTH^g and CjoH«i have been found in petroleum. 

dragert and 84 to 87 per cent, of carbon; tho hydrocarbona present are 
numbered by the hundred. On the relations of the varimu bituminour 
materiait, see p. 863. 

' Especially in Penn^lvaiiia and Galicien petroleums. 

* These preponderate in the petroleums of Burma, and are abundant in 
thoae from Baku and California. 

* On CqH«i_i hydrocarbons in Ohio petroleums, see Mabebt, J. Ind. 
Enn. Chem., ft (1014), 101. 

* Jn certain Russian and Runanian petroleums. 
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Tablb 1,— Pakaitinb rRou Pknnbtltania Petrolbuu 



»^ 


FormuU 


point 


BoOinc 


I. Gaseoue: 

Methane. 


CH, 

CH. 

C,H, 

CH,. 
C.H„ 
C,H„ 
C,H„ 
C,H„ 
C„H„ 
C,.H„ 
Ci,H„ 
C„H„ 
C„H„ 
C..H„ 
C..H„ 

C„H„ 
C,JI„ 
C„H» 
CH., 
C.H,. 
C„Hh 
C„H., 
C„H„ 
C„Bm 
CH., 
C„H,o 
C„H„ 


°c.> 

-184.0 
-171.4 
-195 
-135 


"C. 














2. Liquid: 










Heptane... 












Nonane 


- 51.0 

- 31.0 

- 26.0 

- 12,0 

- 6.0 
+ 6.0 

10 
18.0 

28.0 
37,0 
48.0 
51.0 

53-64.0 

65-66.0 
60.0 

62-63.0 
68.0 
70,0 

71-72,0 
75:0 




Decane 




























3. Solid: 








Tricosane 












H„„^,^„„ 





























Unsaturated open-chain hydrocarbons, probably of the series 
CnHjn, are, as constituents of petroleum, of considerable im- 
portance. These fall into several independent series, which 
differ in physical properties and in their chemical relations, 
although identical in percentage composition. Of one series, 

' For a description of these higher, solid paraffins, see Mabebt, Am. 
Ckvm. J., S3 (1905), 251. Heli, and Haoelb (Ber., 22 {1889}, 504) have 
described the artificial hydrocarbon CmHui. 

' All temperature designations used in this treatise refer to degrees 
CenUgrade, unless otherwise stated. 
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the olefines, which is parallel to the paraffin Beries, the follow- 
ing memberB have been isolated from petroleum:' 

Table II. — So-Called "Olefiheb" Isoiated Frou PETBOLEnu 



1. GaseouB: 

Ethylene. . . 
Propylene. . 
Butylene. . . 

2. Idquid: 

Amylene — 
Hexylene. . . 
Heptylpne. . 
Octylane... 
Nonylene... 
Deoylone... 
Undecylene. 
Dodecylene . 
Tridecylene. 

Cetene 

Eicoaylene. . 

3. Solid: 

Cerotene . . . 
Melene 



C,H„ 

c,H,; 

C,Hi. 
C,H,. 
C,.H» 
Ci.Hn 
CitH,. 
C„H„ 
C,.H« 

CmH„ 
C„H„ 



- 169.0 


-102.7 




+ 1.0 





























-31.0 


213.0 


+ 4-0 


275.0 


68,0 
62.0 





Ab Clarke observes,' this table ia probably exact in an empir- 
ical sense, but not so constitutionally. Hydrocarbons of the 
indicated composition have undoubtedly been found, and some 
of them are certainly olefines. According to Mabery,' however, 
the true olefines, the "open-chain" series, are present in pe- 
troleum at most in very small amounts. In Canadian petroleum 
Mabery and Quayle* identified hexylene, keptylene, octylerie, 
and nonylene. In other cases, and notably in the Russian pe- 
troleums, the compounds CnHai are not olefines, but cyclic 
hydrocarbons of the polymelkylene series, which were originaUy 
called " napkthenes." They were at first regarded as deriva- 
tives of the benzene -series, and only recently has their true 

■ HSfeb's "Da8 Erdol," 2nd ed., 65. 
' "Data of Geochemiatry," 1611, 684. 

'J. Am. Chem. Soe., 38 <1900), 415; cf. Pictbt and Bouvier, CompL 
rend., 160 (1915), 629. 
* Proc. Am, Acad., 41 (1905), 89. 
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constitution beeu determined. According to Mabery and 
Hudson,' they predominate in California petroleum. 

Membens of the series from CjHm were isolated from the 
California material. Mabery and Takano* reported that 
Japanese petroleum consisted largely of CnHm hydrocarbons. 
Other similar occurrences are recorded in the treatises of Hofer 




Fand Redwood.* Some Russioii oils contain as much as 80 to 
y90 per cent, of "rutphlhenes." 

The lower members of the series CnHni_i seem not to have 
been found in petroleum, although several of the higher members 

' Idem, 36 (1901), 255. 

» Ibid., 295. 

' HOfer presents a full discussion of tlio compoaiUon of the various petro- 
leuras. In his "Wissonachaitlichs GrundlageD cter ErdolbearbeitUDg" 
(pp. 1 to 115). GcHwiTSCH covers in detail the composition of petroloumB 
&om tho chemical and physical eidos, 
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are characteristic of oils from Texas, Louisiana, and Ohio. 
In oil from the TrentOD limestone of Ohio, Mabery and Palm' 
found hydrocarbons having the composition of CuHjj, ChH*!), 
CuHu) and Ci4H4t. With these compounds were members of 
the CnH2n aeries as h^h aa CitHj*. There were also members 
of the next aeries, CnHm-*, namely, CjiHij, CjiH**, and Ctt,Hig; 
members of thia aeriea occur generally in small amounts in all 
the crude oils of low specific gravity. In petroleum from Louis- 
iana, Costes and Best' found the hydrocarbons CuHsj and 
CmHis. These, t<^ether with CmHjo, were also separated by 
Mabery* from Texas oils. These oils also contain free sulphur, 
which separates out in crystalline form.* In heavy petroleum 
from Santa Barbara, CaL, Mabery* discovered hydrocarbons of 
the three series CnH2ii_8, CnHin_«, and CnHm-s,* represented by 
the formulas CuHm, Ci^so, CitH,o, CigHji, CnH**, ChH*., 
and CmH„. 

Hydrocarbons of the well-known series CnH2ii_», the "aro- 
matic" or benzene aeries, occnr in all descriptions of petroleum, 
although generally in small amounts. Their empirical formulas, 
omitting consideration of isomeric compounds, follows: 

Beniene CiHt 

Toluene CiH* 

Xylene CiHu 

Gumene CiHn 

Cyroene CioHu 

Eto. 

According to Mabery,' Pennsylvania petroleum contains 

> Am. Chem. J., 33 (1906), 251. 

■J. Am. Chem. Soe., 35 (1B03), 1153; aee also Coatss, idem, 38 (1906), 
3S4. 

' Idem, 83 (1901), 264. See also on Texas oik, Richardson and Wallace, 
J. Soc. Chem. Ind., 30 (1901), 690; Thielb, Am. Chem. J., 33 (1899), 489; 
Phillips, Bull. No. 0, Univ. Texas, 1902; Hill, Trana. Am. Iml. Min. 
Bng., 83 (1903), 363; and Fbnneman, BuU. U. 8. Geol. Sxtrv., No. 383 
(1906). Fbnneuan describes both Texas and LouisiaDa petroleums. On 
the compoBition of Kansas oils, see Bitbhono, Kansas Univ. Geol. Survey, 
9 (1908), 303. In the same volume, 1S7, Haworth discusses the origin 
of oil and gas. 

• See Richardson and Wallace, /. Soe. Chem. Ind., 31 (1902), 316. 

• Am. Chem. J., 38 (1905), 270. 

• Mahkovnikot and Oolobun (Bcr., 16 (1883), 1873) have found, in 
Russian petroleum, members of the series CoHm-i, C^Htn-is, and CnUm^ii. 

'V. Am. Chem. Soc., 38 (1906), 418. 
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proportions of the lower members of this series, and 
Mabery and Hudson' found larger amounts of them, especially 
of the xylenes, in California oil. Numerous other examples 
might be cited, but they need not be mentioned here.* Naph- 
thalene, CioHj, is probably the only compound of the series 
^Hjn-ij which has been positively identified in petroleum. 
It was found by Warren and Storer' in Rangoon oil, and also 
by Mabery and Hudson in oil from California, In one of the 
latter's distillations of crude oil, so much naphthalene was pres- 
ent that the distillate sohdified on cooling sightly. Even 
h more complex hydrocarbons have been found in petroleum 
Ercsidues, but it ia possible that they were formed during the 
Ijprocess of refining and it ia not certain that they were originally 
■present in the natural oil.* 

Small amounts of oxidized bodies are contained in many 
f petroleums, occasionally complex acids, sometimes phenols. 
According to Mabery,' phenolic bodies are found in notable 
proportions in some California oils, but not in petroleum from 
the eastern part of the United States. Substances having the 
properties of phenols are present in small amoimts in all the 
distillates from Baku petroleum.* 

Petroleums usually contain nitrogen, from a trace up to 1 
»er cent, and over. It may be said to exist in most cases, if 
toot in all, in the form of complex organic bases, but the con- 
dilution of these remains to be determined. They are peculiarly 
KBbundant, as, probably, pyridine and quinoline derivatives, in Cali- 
[ornia petroleum, in which they were discovered by Peckham;' 
Lnd Mabery' has shown that in some cases the basic nitrogen 

' Proc. Am. Acad-, 36 US90), 265. 

' Zalozibcki and Haosuann (Z. angm. Chem., 1907, 1761) have callod 
bttentioD to the richness of Rumanian petroleum in ftroraatic hydro- 

m. Am. Acad., (2), 9 (1885). 208. 

* For data and reforences, aeo HiirER, "Daa Erdol," p. 74; and pp. 579 
[^nd 592 gf this treatise, 

* /. Am. Chtm. Sot., 28 (1906), fi96. 

* Ber., 7 (1S74), 1216; 10 (1S77), 451. Seo also Aschait, Ber., SS (1893), 
t67; U (1S94), 1864; 26 (1895), 3661. On the products of the oxidation 
i petroleum, see pp. 581, 620 and 803. On naphthenic acids, see p. S88. 

(. J. Sei., (3), 48 (1894), 250; Rept. Oeol. Survey Ctd., 3, 89. 
*J. Soe. Chem. lnd., 19 (1900), 505. Bandhowski (MonaUh. Ckem., 
t (1887), 224) and Welleh {Ber., 30 (1887), 2097) have detected nitrogen, 
u bases in European oila. 
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compounds constitute from 10 to 20 per cent, of the crude petro- 
leum. Mabery isolated compounds of this class ranging from 
CiiHitN to CitHuN, although these formulas are open to 
question. Pennsylvania oils contain only traces of nitrogen. 

Petroleum free from sulphur is very rare, although the amount 
of this constituent present is generally small. In some instances, 
however, the sulphur compounds arc quite abundant, as, for 
example, in the Lima oil of Ohio, in which Mabery and Smith* 
found normal sulphides of the paraffin series [(CDHta-i)*S], 
and isolated ten compounds ranging from methyl sulphide, 
CiH^, to hexyl sulphide, CitHt«S. In Canadian petroleum 
Mabery and Quayle* found another series of sulphur compounds, 
cyclic in character and polymethylene derivatives, of the general 
formula CnHmS, which they termed " thiophanes; " eight mem- 
bers of this series were described, between C7H11S and dsHt^. 
Other sulphur compounds have been noted as occasional ad- 
mixtures in petroleum,' and it remains to be mentioned that 
Richardson and Wallace* separated sulphur in the form of 
crystals from Beaumont petroleum, and Thiele* found 63.63 per 
cent, of amorphous sulphur and 6.81 ' per cent, of o-yslalliTie 
sulphur in the sediment in a tank car which had held Beau- 
mont oil. Hydrogen sulphide is usually emitted by petroleums 
which contain sulphur in considerable amounts, especially on 
distillation.* 

THE STlfTHESIS OF PETROLEUH 

Hydrocarbons such as methane, ethane, acetylene, and 
benzene, have been often obtained by laboratorj' methods 
from inorganic source^, and also by the breaking down of more 
complex organic matter. Certain of the procedures employed 
have led to the production of substances resembling petroleum.' 

> Am. Chem. J., 18 (1891), 233. 

* Proe. Am. Aaid., 41 (1905), 89. A paper by Katsbr, published in 1897, 
contaios data relative to sulphur compounds in Syrian asphalt oils; it ia 
cited by W. C. Dat in J. Frank. Ingt., 140 (1895), 221. 

* On sulphur in California petroleum, see Peckh&u, Proc. Am. Phil. Soe., 
36 (1897), 108. See Peckham, /. Soe. Chem. Ittd., IS (1897), 996, on the 
sulphur content of bitumens. 

* Enn. Min. J., 78 (1902), 352. 

* Chem.-Zlg., SB (1902), 896. 

* See p. 609 for a consideration of the sulphur compounds in certain petro- 
leums and the methods employed for their removal. 

T Clabo:, BvU. 491, V. 8. OtoL Survey, 690-93. 
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When cast iron is dissolved in a mineral acid, hydrogen is 
evolved, but along with impurities that were long ago recognized 
as similar to known hydrocarbons. In 1864, Hahn^ attempted 
to determine their exact nature by passing the gases evolved 
through bromine. Organic bromides were thus formed, cor- 
responding to the olefines from C1H4 to C7HU, the general 
formula being CuHioBrt. In hydrogen evolved from spiegel- 
eisen Hahn found still higher hydrocarbons, up to CisHu; these 
were collected by direct condensation in wash bottles, without 
the use of bromine. 

In 1873, similar results were obtained by Williams,* who dis- 
solved spiegeleisen in hydrochloric acid. The gas evolved there- 
from was passed through tubes immersed in a freezing mixture 
and then through bromine, Williams reported that 7,430 grams 
of iron gave 49 grams of directly condensible hydrocarbons, with 
325.5 grams of bromides; and that this result was confirmed by 
other experiments. However, the exact nature of the hydro- 
carbons was not ascertained. 

In 1874-8, Cloez* studied the products thus obtained. Hydro- 
chloric or sulphuric acid was allowed to act on large quantities 
of spiegeleisen, and the gas evolved, partly by direct condensation 
and partly by absorption in bromine, was found to give large 
yields of bromides, which were separated by fractional distilla- 
tion and identified, Ferromanganese gave particularly large 
amounts of hydrocarbons, and a cast manganese, containing 
85.4 per cent, of metal, was even attacked by water alone, with 
evolution of similarly carburizcd hydrogen. Cloez stated that 
he obtained octylene, CgHi«, by direct condensation, and brom- 
heptylene, CiHi»Br, and bromoctylene, CgHitBr, from the 
bromine solution; and later he described the products obtained 
in dissolving 600 kg. of white cast iron, which gave 640 grams of 
oily hydrocarbons, 2,780 grams of bromolefines, and 532 grams 
fit paraffins. Seven of the latter hydrocarbons were identified, 
from CioHtt up to CiJIii; they are identical with those which 
oc<!ur in petroleum. Therefore, according to the investigations 
of CloSz, from the carbides contained in cast iron, a mixture of 
hydrocarbons chemically resembling petroleum can be prepared. 

Most of the carbides react with water, yielding hydrocarbons, 

< Ann., 1S9 (1864), 57. Uaho refers to the earlier inveittigatioiu. 

* Am. J. Sei., (3), & (1873), 363. 

■ ComfL Ttnd., T8 (1874), 1505; St (1877), 1003; 86 (1878), 1248. 
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and the production of acetylene, as an illuminating gas, from 
calcium carbide, has, as is well known, become an important 
industry. The yield of hydrocarbons from various metallic 
carbides may be summarized as follo^vs:' 

The carbides of iithiiiin, sodium, potassium, calcium, stron- 
tium, and barium, when treated with water, yield acetylene, 
CiHj. The carbides of aluminum and glucinum give principally 
methane, CH*. The carbide of manganese yields a mixture of 
methane and hydrogen. The carbides of yttrium, lanthanum, 
cerium, thorium, and uranium give rise to mbctures of acetylene, 
methane, ethylene, and hydrogen. The cerium, lanthanum, 
and uranium compounds yield some liquid and solid hydrocar- 
bons. From 4 kg. of uranium carbide MoLssan obtained 100 
grams of liquid hydrocarbons, consisting largely of olefines, 
with some members of the acetylene series and some saturated 
compounds. 

Salvadori' found that hydrocarbons can be generated by heat- 
ing a. mixture of calcium carbide and ammonium chloride; this 
observation was confirmed by Brun.* Ammonium chloride 
is one of the salts most commonly found in volcanic emanations, 
and these observations have a bearing upon the theories of 
petroleum formation, a matter which will be discussed in the 
following section. 

While acetylene is a common product of such reactions, it is 
not a constituent of petroleum. However, Sabatier and Bender- 
ens* have found that when a mixture of hydrogen and acetylene 
is passed over reduced nicke! at a temperature below 180°C., 
a mixture of paraffin hydrocarbons is formed which resembles 
Pennsylvania petroleum. Acetylene alone, in presence of nickel, 

' Soo MoissAN, Cmnpl. rend., 132 (1896), 1462. See also a BUinnmry by 
J. A. Mathews, J. Am. Ckem. Soe., 21 {1899), 647. Bbbthelot {Compl. 
rend., 132 (1901), 281) has discussed the reactions involved from a thermo- 
cbemical standpoint. 

> GoM. chim. ital., 33 (1902), 496. 

» Arch. tci. phys. not., (4), 27 (1909), 113. 
Steioek, in the laboratory of the United States Geological Sutvb]',. 
obtained both saturated and unsaturateil hydrocarbons by the fnmilar • 
action of ammonium chloride upon the native iron of Ovifok. 

'Compl. rcTid., 134 (1903), 1185; see also, Sabatier, /, Pelr., IMl, 67, 
Similar results to those of Sabatier and Sendf.rens have also been obtained 
by Kharitchkov (Weatnik thirota. protn., T, 180), who studied the petro- 
leum thus synthesized. 
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_ ) yields aromatic hydrocarbons, and a mixture is produced 
reaembling Russian petroleum. It may be mentioned here 
that Bert helot' proved that acetylene, when heated to the 
temperature at which glaes begins to soften, polymerizes into 
benzene: three molecules of CjHa yield one of CsHg. Benzene 
itself, when heated under suitable conditions, loses hydrogen, 
and the residues combine to form diphenyl, CisHjo. 

It is clear, then, from the investigations cited, that, from 
acetylene as a starting point, higher hydrocarbons may be pro- 
duced. These, again, at high temperatures, mutually react in 
such a manner that the complexity of the final product may be 
very great. Furthermore, as first indicateil by Berthelot,^ 
carbon and hydrogen can unite directly: when the electric arc 
is formed between carbon terminals in an atmosphere of hydro- 
gen, acetylene is produced. According to Bone and Jerdan,^ 
the rate of formation of acetylene in the arc bears a nearly con- 
stant ratio to the rates of formation of methane and ethane; at 
a lower temperature (about 1,200''C.) methane is the sole prod- 
uct of the union, and even by passing hydrogen over charcoal 
at 1,200°C. methane may be formed. Pring and Hutton 
demonstrated the formation of acetylene, independently of an 
electric arc or spark discharge, at about liSOO^C. 

Turning now to the organic sj-ntheses of hydrocarbons, we 
find tliat it has "long been known that the destructive distilla- 
tion of organic matter, animal or vegetable, under conditions 
which preclude the free access of air, will produce hydrocarbons 
and nitrogenous bases. Warren and Storer,* as far back as 
1865, prepared a lime soap from menhaden (fish) oil, which, on 
destructive distillation, yielded a mixture of hydrocarbons 
hardly distinguishable from coal oil.* From this mixture they 
isolated and identified the paraffins pentane, hexane, heptane, 

' Afm. Chim. phya., (4), 13 (1867), 62. 

■/dem, (3). 67 (I8Kf), 64. 

•/. CAem. 5oc,,71(1897), 41; 79(1901), 1(H2. See also Prino and Htjt- 
~TOJJ,W«in, 89(1906), 1591; and Bone and Coward, idem, 93 (190S), 1975; 
97 (1910), 1210. 

Ipatiew {J. prakl. Ckem., 87, 470) baa auggested that in the experimenla 

of BoNB and Jordan the union of carbon and hydrogen was due to the pres- 

if a small amount of water, whereby the carbon was first oxidized. 

' Mem. Am. Acad., (2), 9 (1865), 177. 

' Coal oil ia oil distilled from bituminous coal. Properly speaking, the 
) not aynonymouH either with petroleum or with illuminating oil 
produced therefrom. 
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and octane; the olefines amylenc, hexylene, heptylene, octylene, 
Donylene, decylene, undecylene, and duodecylene; together 
with benzene, toluene, xylene, and iaocumene, members of the 
aromatic series. A true artificial petroleum had therefore been 
prepared. 

Engler's noteworthy investigations were announced in 1888,' 
This invest^tor distilled menhaden oil, unsaponified, at a tem- 
perature between 320° and 400°, and under a pressure of ten 
atmospheres. The distillate resembl^ petroleum, and con- 
tained the paraffins from CtHii up to CtHi«. Later he reported* 
the isolation of normal octane and nonane, with secondary hex- 
ane, heptane and octane. In a still later research with Leh- 
mann,* he also obtained olefines from CsHu up to C»His and 
some derivatives of the benzene series. These experiments con- 
firmed the findings of Warren and Storer, but differed from 
theirs in the direct use of the oil instead of its fatty acids alone. 
The lime soap of the American chemists contained only the 
acids of the oil, separated from its glycerine; the entire oil was 
used by Engler. Prom his crude product Engler also prepared 
an illuminating oil, practically indistinguishable from commercial 
kerosene.* 

Day' conducted similar experimental work. A mixture of fish 
(fresh herring) and resinous pine wood was distilled from an 
iron retort, the process being continued to complete carboniza- 
tion of the residual material. The distillate consisted of a 
mixture of oil and water, and the oil, upon redistillation, yielded 
a residue closely resembling gilsonite. When fish alone was 
distilled, the final product was more like another solid hydro- 
carbon, elaterite. Wood alone gave a similar oil, with a similar 
residue on redistillation. Day thus obtained artificial asphalts 
which resembled the natural substances; like ordinary asphalt, 
they contained some nitrogen. 

Vegetable oils also yield hydrocarbons upon destructive distil- 
lation. Sadtler,* for example, established this fact in the case 

■ Ber., 31 (1SS8), 1816. On the organic origin of naphtha, see Rakuzin, 
J. Rws. Phyt.-Chem. Soc., 87 (1905), 79. 

•Ber., aa (1889), 592. 

> Idem, 30 (1897), 2365. 

* Observations confirmed by Redwood ("Petroleum and Ite Products," 
2d ed., 1, 259). 

* Am. Chem. J., 21 (1899), 478. 
« Proe. Am. PhU. Soe., 86, 93. 
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of Unseed oil, although he did not determine the exact nature of 
the product. Engler' obtained hydrocarbons by the distillation 
of colza and olive oils, as well as from fish oil, butter, and bees- 
wax. Marcusson* has described an experiment in which pure 
oleic acid was heated for several hours to SSO^C. in a sealed tube; 
on opening the tube, there was a strong evolution of gas, and 
in the residue a product was found which closely resembled a 
petroleum lubricating oil. Lewkowitsch' found that the dis- 
tillation of chaulmoogra oil with zinc dust led to the formation 
of gaseous products and a crude petroleum. 

PETROLOGENESIS* 

No subject in geochemistry has been more discussed than 
that of the origin of petroleum, the controversies relative to 
which have created a voluminous Uterature." Theory after 
theory has been advanced, and discussion thereon is still active. 
The evidence is abundant indeed, although decidedly contra- 
dictory, and leads to different conclusions when studied from 
different aspects. Only the principal points will be considered 
here. 

The divergent views which have been offered on this subject 
can be considered to be of two types — the inorganic and the 
organic, which hypotheses will be taken up separately. 

loorganic Theories. — The early theories connecting the forma- 
tion of petroleiun with volcanic phenomena* may be omitted, 
since they were formulated at a time when essential evidence 

' Cong, iniernat. du pUnle, Paria, 1900, 20. 

' Chem.-Zlg., 30 (1006), 789. 

' Ber., iO (1907), 4161. Cf. Nbudebq, Ber.. «, 4477. 

* Pelrologencaia, or naphthoReny, is that subject of bitwnenology which 
treats <i( the origin of [wtroleum, Bituiuenology is the science which deals 
with the occurrence, compoEition, properties, classification , and technology 
of the various forms of hydrocarbons included under the names of asphaltum, 
QiaUha, and petroleum. See Cliap. XVIII. 

'.See especially HOfbr's "Die Goologie, Gewinnung und dor Transport 
des Etdola," 1909, 2, 69-142; Campbell Bam. Gwl., 8 (1911), 363-386; 
and Clarkb, BuU. 616, U. S. Geol. Survey. 

* In 1804, HiTUBOLDT wrote that "petroleum is a. product of distillation 
which exists at a. great depth and, acting upon the primitive roeks, develops 
the forces of all volcanic action." See Bronet, BuU, eoc. gfol. France, 9 
(1S3S), 252; and R)!:vibrb, Compt. rend., 47 (1858), 640; but especially 
CwimoB, 4 (1858), 274. 
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was not available; they were mere speculations, nothing more. 
The modern era begins with a memoir by Berthelot, published 
in 1866.' 

Berthelot started from the supposition of Daubrfe that the 
depths of the earth contain alkaline metals in the free state. 
These react, according to Berthelot, with carbon dioxide at - 
high temperatures, giving rise to alkaline carbides (acctylides), 
which, when acted upon by the vapor of water, liberate acetylene, 
which possesses a tendency to polymerize and, by condensation, 
to give rise to the numerous hydrocarbons which, admixed, form 
petroleum.* The defect of the hypothesis, which Berthelot only 
advanced tentatively, is that there ia no evidence to indicate 
that alkaline metals are present in an uncombined state at any 
point below the earth's surface. The starting point is a pure 
assumption, which is more likely to be erroneous than correct, 

The suggestion of Byasson,' that petroleum might have re- 
sulted from the action on iron or its sulphide at a white beat, of 
steam and carbon dioxide produced by the infiltration of salt 
water into the earth, has no present value. Next in chronological 
order is the famous "carbide theory" of Dmitri Mendelfeff,* 
proposed in 1877. This theory presupposes the existence of 
iron carbides within the earth, to which percolatmg waters g^n 
access, generating hydrocarbons; the vapors of these then escape 
through fissures, etc., and condense in the upper-lying porous 
sedimentary rocka. If such carbides exist at reasonable depths 
below the surface of the earth, the reactions sugggested by Men- 
delficff would undoubtedly occur; but the actual existence of 
metallic carbides in nature remains to be proved. 

Mendelieff's lhe.ory has had many adherents. It found 
support in the investigations of Hahn, Williams, and Cloez* 
upon the production of hydrocarbons from cast iron; and it was 
further strengthened by the researches of Moissan, who himself 

1 Ann. diim. phya., (4), (1866), 481. 

* According to Berthelot, ateam acting upon the alkaline metals will also 
liberate hydrogen, which reacts upon the hydrocarbons first produced to 
form more' completely hydrogeoizcd hydrocarbona. 

» Compl. rend., 73 (1871), 608. 

*J. Rjug. Phy3.-Chem. Soc., 0, 36; Ber., 10 (1877), 239; J. Chem. Soe.. 
S6, 283. See also MenoisiJbpf's "Principles of ChemiHtry," Eng. tnuia., 
1 (1891), 364r-366. 
r » Compl. rend., 76, 1003. . 
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adopted it,' and also suggested that volcanic explosions may 
perhaps be caused by the action of water upon subterranean 
carbides. Moisaan admitted, however, that some petroleums 
are possibly of organic origin. The occurrence of methane in 
volcanic emanations has been cited in support of Moissan's 
suppositions, although this well-recognized fact may be inter- 
preted otherwise. It may be mentioned in this connection that 
Silveatri' found in basaltic lavas from near Etna both liquid oils 
and a solid paraffin which melted at 56°, and Brun' has made 
similar observations in hia study of Javanese volcanoes. Brun 
ascribes a volcanic origin to the petroleum of Java; but these 
oils, as well as the methane, may conceivably have been formed, 
as Clarke has pointed out,* either through a direct union of 
carbon and hydrogen or from material distilled by volcanic 
beat out of adjacent sedimentary rocks. The same considera- 
tions apply equally well to the petroleum field near Tampico, 
Mexico, OS described by Ordonez/ which is cited by Coste* in 
support of his argument in favor of the inorganic origin of petro- 
leum. In the Tampico field the oil rises close to volcanic cones; 
which, however, have been forced up through a great thickness of 
Cretaceous shales. The possibility of a distillation of oil from 
organic matter in the sediments should here be considered 
(Clarke). 

Becker^ has pointed out that if petroleum is derived from iron 
carbides, as is assumed in the Mendel(5eff theory, there should 
be magnetic irregularities in petroliferous regions. This he finds 
to be the case in the Appalachian oil field, where the lines of 
magnetic declination are sensibly deflected. Similar irregularities 
tppear in the oil fields of California, and magnetic disturbances 
ive also been noted in the region of the Caucasus. While 



Compl. rend., 122 (189B), 1462. See also Meunier, idem, 123 (1896), 
1327. 

'Gaa. chim. Ual., 7 {1877), 1; IS (1882), 9. 
» Arch. ad. phya. nal., (4), 27 (1909), 113. 

• "Data of Geochamiato-," 2d ed., 694. 
' Afw. Sex. PreM, 96 (1907), 249. 

* /. Can. Min. Iml., 12 (1909), 273. For earlier papers by Coste, see the 
aaroe joumal, S (1903), 73, and Trana. Am. Inst. Min. Eng., 56 (190.1), 288. 
RiuACD (fteu. -uniw. (te* mines, (4), 31 (1910), 145) has also argued in favor ot 
the inorganic origin of potrolcian. 

' Bull. U. S. Geol. Survey, No, 401, 1909. Mohs (Petroleum, 6, 2009) 
commctite favorably upon the proposition set forth by Bbckeb. 
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these observations are not absolutely conclusive, they are indeed 
compatible with the "carbide theory." 

Several other inorganic theories of the genesis of petroleum 
may be mentioned. The "cosmic theory" of Sokolov,' advanced 
in 1890, considers petroleum to be an original product pf the com- 
bination of carbon and hydrogen in the cosmic mass; that is, it was 
formed initially during the consolidation of the planet, became 
enclosed within the primeval fluid magma, and then separated 
slowly as it cooled down. In support of his theory, Sokolov cites 
the occ'asionEil discovery of hydrocarbons in meteorites.* 

Another theory is that of Ross,' who endeavored to show that 
petroleum is a product of the action of solfataric gases upon 
limestones. Ross partly based his theory on the observation 
that sulphur has been obtained in laboratory experiments by the 
action of hot volcanic gases upon chalk, and he assumed that 
such action would further produce both olefines and parafiBns, 
with aseparation of sulphur and a conversion of the calcium 
carbonte into gypsum. However, these views have not been 
verified by any experimental evidence. 

As has been mentioned, in the preceding section of this chapter, 
Sabatier and Senderens were able with a mixture of acetylene 
and hydrogen, by the intervention of finely divided nickel and 
similar metals, according as the operation was conducted, to obttun 
liquids resembling the petroleum of Caucasus or that of Galicia, 
or to produce aromatic hydrocarbons. A mixture of acetylene 
and hydrogen in excess passing over fine metallic nickel at a 
temperature below 1800° furnished only petroleum like that of 
Western Pennsylvania. From this synthesis an explanation 
of the formation of the different naturally occurring petroleums 
has been deduced by De Wilde.* It suffices to admit, he states, 

' Btdl. Soe. imp. not. Moeant, S (1890); 720. 

* See WOhler, Ann., 100 (1859), 349, on carbon compounds in the meteor- 
ite of Kabs, Hungary. Also MfinNiBR, ComjA. rend., 109 (1889), 976, on the 
meteorite of Mighei, Russia. NordenskiOld {Pogg. Ann., 141 (1870), 205) 
found carbonaceous matter in the met«orite of Hosale, Sweden; and Tboheb- 
UAK {Stiivngsb. Akad. Wien, 63, Abth. 2, 1870, 855) reports 0.85 per cent, 
of a hydrocarbon in the stone which fell at Goalpara, India. The w^- 
kuown meteors of Orgucil, France, and Cold Bokkoveld, South Africa, were 
largely carbonaceous. On Orgeuil, see Clobz, Compl. rend., 69 (1864), 37, 
Graphite and amorphous carbon are common in meteorites, and in Borne 
falls diamonds have been found. 

* Bepl. BtU. Attn., 1891, 639; Chem. News, U (1861), 14 and 21S. 

* Jlfon. «ri. (fu QvemeviUe, May, 1907, 301-7. 
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that in the depths of the earth there are found differently dis- 
tributed alkaline and alkaline-earth metals, as well as the 
carbides of these metals. Water coming into contact with the 
first liberates hydrogen, and into contact with the carbides, 
acetylene. The two gases in variable proportions encounter 
the metals nickel, cobalt and iron, in a divided state, greatly dif- 
fused through nature, and give riae to the reactions mentioned 
above, which, according to the mode of action, furnish the 
different known petroleumB. 

The inorganic theories of the origin of petroleum relate not 
only to its proximate genesis, but even to fundamental ques- 
tions of cosmology. Sokolov's hypothesis is an illustration of 
this, and the assumption of carbides within the earth (Mendel^eff ; 
De Wilde) represents an effort in the same direction. Another 
indication of this fact is to be found in a memoir by Lenicque.' 
If the molten globe possessed at any time a temperature like 
that of the electric furnace, carbides, silicidea, nitrides, etc., 
would be among the first compounds to form, and oxidation 
could not commence until later. Under such conditions some 
carbides might remain unoxidized through many geologic ages, 
to be reached by percolating waters at the present time. The 
development of hydrocarbons would then inevitably follow, 
although to what extent they might be subsequently consumed 
is beyond statement. To quote Clarke:' "The theory is 
plausible, but is it capable of proof? Furthermore, does it 
account for any accumulations of petroleum such as yield the 
commercial oils of to-day? These essential questions are too 
often overlooked, and yet they are the main points at issue. We 
may admit that hydrocarbons are formed within volcanoes, but 
the quantities definitely traceable to such a source are alto- 
gether insignificant. Bitumens occur in small amounts in 
many igneous rocks, but never in large volume. They are, 
moreover, absent, at least in significant proportions, from the 
Archean, and first appear abundantly in Paleozoic time. From 
the Silurian upward they are plentiful, and commonly remote from 
great indications of volcanic activity. Evcu such an occurrence 
as that of the Pitch Lake in Trinidad, where asphalt is asso* 
ciated with thermal waters, does not necessarily imply a com- 
munity of origin. It is at least conceivable that the solfataric 

' Mtm. Soc. ingin. cioih, France, Octuber, 1903, 346. 
■ Loc. cit., 606. 
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springs may hare acted upon sedimentary' accumulations i 
oil, partly by ya[>oming the latter and bo bringing it to the 
surface, and partly by effecting, with the aid of steam and 
sulphur, the condensations or polymerizations that are ob- 
served. These considerations serve to show the need of great 
caution in dealing with this class of problenfis and to warn us 
against hasty generalizations. Speculations based upon in- 
dividual occurrences of petroleum are of very Utile value. The 
entire field, in all of its complexity, must be taken into aceouDt." 
A new hj-potheais of the origin of petroleum has recently been 
published by Kizhner.' It is based upon the experiments of 
Forquignon,' which showed that when hydrogen is passed over 
red-hot cast iron the carbon in the latter is converted into hydro- 
carbons, while the traces of sulphur, phosphorus and arsenic are 
changed to organic compounds of these elements. These ex- 
periments also showed that the passage of nitn^n over red-hot 
cast iron yields cyanogen. The hypothesis assumes that naphtha 
owes its origin to the interaction of the hydrogen with the carbon, 
both of which are held in solution by the iron existiug in the 
bowels of the earth. This interaction began when, in the process 
of cooling, the earth reached the state of a red star. The dif- 
ficultly fusible iron and carbon hquefied and solidified first, and, 
owing to its high specific gravity, the iron, holding in solution 
the hydrogen, settled at the lower strata of the globe. Owing 
to the high temperature prevailing in the depths of the earth, 
the reaction between the hydrogen and the carbon has been going 
on for ages and is doubtless going on now. The comparatively 
low specific gravity of the hydrocarbons causes them to rise as 
naphtha to the surface, passing through various strata which 
modify its character. The cyclic hydrocarbons of naphtha owe 
their formation to the high temperature and pressure prevail- 
ing in the tonennost strata. As to the optical activityof naphtha, 
it is due to the influence of terrestrial magnetism on the different 
degrees of reactivity (decomposition, condensation, oxidation, 
etc.) of optical antipodes, it being assumed that these differ in 
reactivity to such a slight extent that the difference escapes our 
observation. Hence in the usual reactions raeemic compounds 
are formed. But the magnetism of the earth enhancing the 
reactivity of both antipodes and acting through geologic ages, 

> /. Bum. PAy«.-CA*m. Soe., 46, 1428. 
* Ann. cAim. pkgt., (5), U, 516. 
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lay favor the reactivity of one of them, chaDging it to other 
Bubstaoces, and thus permitting the other antipode to impart 
activity to the naphtha. 

While methane is sometimes formed as a volcanic emana- 

ion, it is more commonly of organic origin and is generally 

tduced in small amounts. Gas in Iowa wells haa been 

scribed' which occurs in the drift and is apparently of 

jetable origin, since buried vegetation alone can account for 

B formation under the reported conditions. 

Hoppe-Seyler* and Tappciner' have shown that methane may 

be artificially produced by the fermentation of cellulose, together 

with carbon dioxide and free hydrogen. During the decay of 

seaweeds, however, according to Phillips,* the generated gases 

consist largely of carbon dioxide, hydrogen, and nitrogen. The 

apparatus in which the experiment was performed was allowed 

) stand in position for two and a half years, and during that 

Bme, following the first rapid evolution of gas, a very slow, 

mtinuous production was observed. At the end of the period, 

'the gas consisted of methane, Phillips concluded, from this 

evidence, that buried vegetable matter, after a brief era of rapid 

gas evolution, may pass into a condition of extremely slow 

decay when methane is generated. Perhaps methane is not the 

only hydrocarbon thus produced. 

In several cases, as in the Placereta Canon field of Los Angeles 
County, California, the Thrall field in Texas, in several seepages 
' in Mexico, and in traces elsewhere, petroleum exists in igneoua 
pock and might appear to add confirmation to an inorganic origin, 
5 it not that the numljer of cases where it occurs in sedi- 
lenlaiy deposits are so much greater. Many associations of 
)etroIeum with basaltic rock, subterranean salt, sulphiu' and 
ypsum masses, and with hot water, in Mexico, the southern 
United States, Hungary and Kumania, might also appear to 
confirm an inorganic theory, but nothing conclusive has ever been 
discovered which would apply to all or to a majority of cases. 

iSobLbokard, Ptoc. Iowa Aead. Set.. ^41. Witter (i4m.0cjj(., 9 (1892), 
31S) has described a. giia well, about 100 ft. deep, near Letts, Iowa, 
» Ber., 16 (1883), 122. 

• Ibid., 1734, 1740. See also Popov, abstract in J. Chem. Soe., S8 (1875), 
1200, on gas from river mud near sewer opeikings. 

* Am. Chem. J., 16 (1894), 427. Phillips supports the view that petro- 
leuio has been formed by the stow decay of marine vegetable matter, under 
water, in the absence of Air. 
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Organic Theories. — Sufficient evidence baa been presented 
above and especially in the preceding section of this chapter to 
ehow that hydrocarbons analogous to natural gas and petroleum 
may be derived either from animal or vegetable matter, or both. 
This is conceded, although argument and speculation relative 
to the genesis of the larger accumulations of mineral oil, is 
abundant. It may be said, however, that the investigations of 
Engler have induced a quite general adherency to the belief in 
the avitnal origin of petroleum, although the details of the 
transformation process are variously interpreted.' 

Theories of Animal Origin. — Engler ascribes the derivation 
of petroleum from animal remains to a putrefaction process, 
which eliminates the nitrogen compounds. The residual fata 
are then converted by heat and pressure* into hydrocarbons 
whose boiling points lie below 300°, and these later undergo a 
partial autopolymerizatioa into denser forma,* There is con- 

1 For a very complete summary of ell the hypotheses relative to the forma- 
tion of petroleum, see H5feii, "Das Erddl," 1906, 160-22S. See also Red- 
wood, "Petroleum," 1 (ISI3), 263-283. Other summaries are by Aibin- 
UANN, Z. angew. Chem., 1803, 739; idem, 1894, 122; Klehbnt, Bull Soe. 
beige geol., 11, proc. verb., 1897, 76. Recent memoirs on the subject are 
by De Wilde, Arch. sci. phyi. twl., (4), 33 (1907), 659; Neubero, Sttoirvsb. 
K. preuaa. Akad., May 16, IBOT; and Cbaotard, BitU toe. de find, imn., 
July, 1916. 

> Ber., 30 (1897), 235S. For more recent articles by ENOLEit,Bee Z.an{f«v. 
Chem., 21 (1!K)8), 1585; Verhandl. naturwisg. Vereing KaTlxruhe, 1908, M, 
%5; and Compt. rend. Cong, internal, pitrole, Buearest, 1910, 2, 1. 

* The theory of animal origin, now usually connected with the names of 
H&PER and Enoler, traces back to the Frenchman Haouet in 1704. As 
stated by EmoleA, it is that natural fatty bodies (both vegetable and ammol) 
and fatty bodies artificially obtained, as the fatty acids, when distilled under 
a pressure of 20 to 25 atmospheres at 360° to 420°, yield a mixture of hydro- 
carbons resembling petroleum and without carbonaceous residue. In dis- 
tilling a fish oil in this way, the hydrocarbons obtained appeared to be about 
three-fourths saturated hydrocarbons and one-fourth oloGnes; of "naph- 
thenes" and aroraatichydrocarbons there appeared to be only traces formed. 
Small quantities of gases like CH,, CO, Cd and C,H, and from 1 to 2 per 
cent, of water wero also formed. The cadavers of terrestrial and marine 
animals, if submitted to the same distillation under pressure, yield a dis- 
tillate without carbonaceous residue; but the distillate contains, besides th« 
hydrocarbons, a notable quantity of amines and pyridine basee, due to the 
decomposition of albuminoid material. Engler notes that the cadavers of 
fish, etc., rapidly lose their nitrogenous material by putrefaction, while the 
fatty bodies resist decomposition and only slowly undergo the changes 
resulting in the formation of the petroleum-like bodies. This disappeuanoo 
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sdderable doubt as to the actual possibility of such a polymeriza- 
tion. Mabery' reasonably maintains that the chang[;g are 
always in the oppoait* direction: the more complex hydrocarbons 
formed first partially break down subsequently into lower 
members of the series. Marcusson' also shares this view. The 
removal of the nitrogenous substances by any putrefaction 
process is also open to doubt; certainly it is not universal. The 
nitrogen bases of California petroleum supply perhaps the 
strongest evidence that the proteids contribute their share to 
the make-up of petroleum, and indicate that these particular 
oils are of animal origin. 

Evidence in support of the derivation of petroleum from fish 
remains has been contributed by several investigators. For 
instance, Dieulafait' reported that while the copper shales of 
Mausfeld are strongly impregnated with bitumen, they are also 
rich in fossil fish. Then, too, Galician petroleum is invariably 
associated with menilitic schists in which fish remains are 
abundant. Szajnocha has computed* that the annual catch of 
herring on the north coast of Germany would, if its fats were 
half converted into petroleum, yield in 2560 years as much oil 
as GaUcia has produced. Bertela,' however, considers that the 
Caucasian petroleums result from the decomposition of moUusks." 

The views of Engler have received special attention because of 
their experimental basis, for he was not the original advocate 
of animal derivation. For example, Ochsenius' has endeavored 
to connect the formation of petroleum with that of the mother- 

ol animftl tissue and peraiateace of the Tatty bodies under the name of adi- 
poceifie (mixtures of free fatty acida) has long been kaown and was referred 
to by LiEDto. 

V. Am. Chem. Soc. 28 (1906), 429. 

* Chem.-Ztg., 30 (1906), 788. 

• ated by Jaccahd, Arch. aei. phys. not., (3), 34 (1800), lOfl. 

« Ber., 33 (1900), 16. See also Cong, internal, du -pHroh, 1900, 30.Cf. 
Do WiLDB, Mon. id. du QueeneviUe, May, 1607. 

• Cited by Hfiraa " Das Erdol," 1906, 219. Horndno (Z. DeuUch. geol. 
Ottell., C7, Monat»ber., 1906, RAi) argiios in Favor of fishee as tbe raw mate- 
rial of petroleum. See also Jajw, Johrh. K.-k. geol. Reicksamtait, i3 (1892), 
361. For arguments against the theory of Enolkb, see Pantanelu, Bull. 
Soe. ged. iial., 26 (1906), 795; PantaneUi seema to favor the inorganic origin 
of petroleum, 

* In the Kuban district, the oil, accompanied by salt water, exudes directly 
from beds of molluscan remains, which occur in enormous quantities. 

' Chgm.'Ztg., 15 (1S91), 935; and Z. Deulach. geol. Gtidl., 48 (1896). 239. 
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liquor salts which accumulate during the last stage of the evapora- 
tion of sea water; Mrazec' has noted this association of salt and 
oil in the case of Rumanian petroleum; and Heusler,' indorsing 
Engler's principal conclusions, like Ochsenius, who mentioned 
magnesium chloride as the active sul>stance, invoked the aid of 
another agent in producing a polymerization of the hydrocarbons 
(aluminum chloride). It has not been experimentally demon- 
strated that hydrolyzed water solutions of aluminum chloride 
are effective; moreover, aluminum chloride does not occur in 
any notable quantity in natural waters.* 

Zaloziecki* has suggested that the salts probably retard and 
modify the decay of animal matter on or near the seashore, 
and in this way provide for the gradual transformation into 
petroleum.^ It is of interest to note that the brines which are 
frequently associated with petroleum generally possess a com- 
position indicative of a marine origin and do not resemble solfa- 
taric or volcanic waters.* Furthermore, Mendelfieff's objection 
to the possibility of petroleum forming at the bottom of the sea— 

' Compl. rend. Cong, inlemat. p&rde, Buoarcel, 1910, 3, 80. Alao 
"L'induatrie da p6tro!e en Roumanie," Bucarest, IBIO. The presence of 
methane, ethane, etc., In rock salt liaa been studied by CosTACHESCiJ, 
Ann. aei. Univ. Jaasy, 4 (1900), 3. On the aoimal origin of petroleum, see 
also SiNtiER, Inaug. Disa., Zurich, 1893. 

*Z. an^exa. Chem.. 1896, 288, 318. 

• A possible exception to thia statement ia cited by Ocbbgkiits (Z. DeuUek. 
geol. Gei., 48 (1896), 239), who mentions a water containing, ia ita solid resi- 
due, 23.91 per cent, of aluminum chloride. This water accompanied a 

*Chem.-Zlg., IH (1891), 1203. 

• The latter process is not necessarily very slow, for Sickenberosb {ibid., 
1S82) has shown that in small bays of the Red Sea, where the salinity 
reaches 7.3 per cent., petroleum is actually forming as a scum upon the sur- 
face of the water. Living forms are abundant in these bays, and their 
remains, after death, furnish the hydrocarbons. The latter are to some 
extent absorbed into the pores of coral reefs, and so contribute to the forma- 
tion of bituminous limestones. Fraas {Bull. Soc. »ci. not. NeuchdUl, B 
(1868), 58) supplied data of similar purport. He found in Egypt sheila 
filled with bitumen, a:id noticed that the bituminous beds were rich in fos- 
sils, while the nonbiturainoua strata were poor. In the region of the Dead 
Sea, also, Fraas noticed that bitumen was abundant in beds of baculitaa, 
from which it exudes to accumulate upon the shore. 

• The waters accompanying the naphtha of the Grosny district, Russia, as 
analysed recently by Ivhahitchkov {Chem.-Zlg., 1907, 296), appear to be 
exceptional. In these sodium carbonate b more abundant than the chloride, 
and Bolts of ammonium and the amines are also present. 
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' namely, that being lighter than water it would float away and be 
ipated — is negatived by the well-known fact that mud and 
clay are capable of retaining oily matters mechanically.' 

Hofer mentions the following as argiuncnts In favor of an 
animal origin for petroleum: 

1. Oil is found in strata containing animal but little or no 
plant remains. This is the case in the Carpathians and in the 

' Uraestone examined in Canada and the United States by Hunt. 

2. The shales from which oil and paraffin were obtained in the 
I Liassic oil-shales of Swabia and of Steierdorf in the Banat, 

contained animal but no vegetable remains. Other shales, as, 
for instance, the copper-shales of Mansfeld, where the bitumen 
amounts to 22 per cent., are rich in animal remains and prac- 
tically free from vegetable remains. 

3. Rocks which are rich in vegetable remains are generally 
[ not biturainouB. 

4. Substances resembling petroleum are produced by the 
' decomposition of animal remains. 

5. Fraas observed exudations of petroleum from a coral reef 
on the shores of the Red Sea, where it could only be of animal 
origin. 

In summing up the evidence as to origin, Hofer expresses the 
belief that petroleum is of animal origin and has been formed 
without the action of excessive heat, and observes that it is 
found in all strata in which animal remains have been dis- 
covered. He considers that the oil is the primary, and natural 
gas a secondary, product. 

Orton'e opinions, which are somewhat different, are as follows: 

1. Petroleum is derived from organic matter. 

2. Petroleum of the Pennsylvania type is derived from the 
I organic matter of bituminous shales and is probably of vegetable 
■ origin. 

3. Petroleum of the Canada type is derived from limestones 
Fund is probably of animal origin. 

4. Petroleum has been produced at normal rock temperatures 

' The littoral sediments probably aid in the proceaa of petroleum forma- 
tion, 08 Clakeb has pointod out, if only to the o\t«nt of retaining the f»tty 
eubelancea from which the oil is to be produced. The opinion has been 
expressed that the beds of sulphur which occur adjacent to some oil wells, 
notably in Texas, were probably formed by tlia reducing action of organic 
matter upon sulphates, such as gypaum, a mineral which is oft«n associated 
^Vith marine deposits and with petruleiun. 
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(in American fields) and is not a product of destructive distilla- 
tion of bituminous shales. 

5. The stock of petroleums in the rocks is already practically 
complete. 

The Engler-Hofer theory, as developed by its authors up to 
the present time, states that petroleum is derived from the 
natural decomposition in aiiu of the fatty remains of marine 
organisms, both animal and vegetable. 

Engler thus enumerates the various stages which, in his 
opinion, occur in the formation of petroleum from organic 
matter: 

1. Putrefaction, or fermentation, by which albumen and 
cellulose, etc., are .eliminated. Fatty matters (and waxes), 
with a small quantity of other durable material and possibly 
fatty acids from the albumen, remain. 

2. Occurs partly during the first stage: saponification of the 
glycerides, and production of free fatty acids, either from action 
of water or ferments, possibly both. The wa.xy esters are either 
wholly or partly hydrolyzed. The residues from many crude 
oils are probably due to lack of completion of these actions. 

3. Carbon dioxide is eliminated from the acids and esters, 
water from the alcohols, oxy-acids, etc., leaving hydrocarbons of 
high molecular weight containing oxy-compounds. Comparable 
with these is the intermediate product, like ozokerite, of KrSmer 
and of Zaloziecld, who also regarded ozokerite as representing an 
early st^e in the formation of petroleum. 

4. Formation of liquid hydrocarbons and violent reaction, 
with "cracking," into light or gaseous products (formation of 
proto-petroleum) . 

He adds, in regard to all these stages, that he is assimiing that 
time and temperature compensate one another, though pressure 
has no action beyond raising the temperature slightly and is in 
no way equivalent to it. He considers that with moderate 
temperatures and pressures oil of intermediate grade will be 
formed, while increase of either tends to form light oils. Poly- 
merization and addition-products are formed after the completion 
of stage 4.' 

Engler further suggests that the various hydrocarbons are 
formed as under : 

' On tbe formation of the chief constituonta of petroleum, see Emoiab, 
Petroleum, T (1912), 399. 
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Methane Series Hydrocarbons — as direct producte from the " bi- 
tumen," i,c., the fats of stage land heavyhydrocarbonsof stageS. 

Ole&nes — directly formed, by splittii^ up of saturated chain 
hydrocarbons of the paraffin Beries, 

CanH^n + a = CnHjn + I + CnHsnJ 

they would afterward polymerize to form simple methanes, etc., 
but they are probably partly re-formed in distiUation, especially 
at high temperatures, as in the "cracking" process. 

"Naphthenes" — perhaps from the decomposition of aromatic 
acids or esters, or from isomeric defines under the influence of 
heat and pressure. 

Benzenes, etc. — from the decomposition of fats at com- 
paratively high temperatures. 

Theories of Vegetable Origin. — The similarity between pe- 
troleum and the oils obtained by the destructive distillation of 
peat, lignite, coal and oil-shale, led to an early belief that 
petroleum was produced from one or all of these materials.* 
It is true that this theory was soon abandoned in its original 
form, but a few later writers have also maintained that terrestrial 
vegetation has in some cases undergone a mineralization, being 
converted into liquid and gaseous hydrocarbons instead of the 
usual solid lignites and coal.* 

Lcsqucreux* argued in favor of the derivation of the Devonian 
oils of the eastern United States from cellular marine plants, 
especially fucoids, the remains of which are plentiful in the 
petroliferous formations. This hypothesis induced Vouga* to 
make the suggestion that great masses of f ucus, like those of the 
Sargasso Sea, might sink to the bottom of the ocean, and there, 
decomposing under pressure, yield petroleum. Redwood states 

' So© Hatchbtt, TTans. Linn. Soe., 4 (1798), 129; Phil. Traru., 1804, 386. 

> See, eapeoialiy, Wai.l, Quart. J .Geol. Soc, IS (1860), 487; Smith, J.Soc 
Ckem. Tnd., 1891, 979; and Sadtler, Am. J. Pharm., 68 (1896), 466. 

During the past century it was commonly supposed that oil origiiutllf' had 
been distilled by nature from beds of coal into contiguous formations. It ia 
interesting to note tliat such a supposition has beea world-wide — evan the 
Chinese having the term "May-yu," indicating some impreaaion that oil is 
related to coal. Nevertheless, the evidence ia atroi* that there has been 
little or no connection between the two; and moreover that oil exists in some 
localities hundreds of miles from the nearest coal deposit. 

» Bull. Soc. set. not. NewihOlel, 7 (1866), 234. 

' Soc discussion following Lebqueredx's communication. 
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that the salt marshes of Sardinia are covered from time to time 
with sheets of seaweed, decomposing into an oily substance re- 
sembling petroleum;' and that petroleum is being formed at the 
present time on the shores of the Sound near Lmid, Sweden, by 
the decomposition of seaweed in sand,* Watts' observed that 
the saline waters occurring along with petroleum in the central 
valley of California are unusually rich in iodine and connected 
this iodine with the occurrence of iodine in seaweed, which he 
regards aa a probable source of this petroleum. 

Additional evidence is had from the investigations of Bertrand 
and Renault,* who have shown that Boghead mineral, torbanite, 
and kerosene shale, .which yield crude oils resembling certain 
petroleums upon distillation, are derived from gelatinous algae, 
whose remains are embedded in what was once a brown, humous 
jelly. Newberry* and Peckham' regard the liquid petroleums 
as natural distillates from carbonaceous deposits, which were 
laid down at depths below the horizons where the oil is now 
found. The heat generated during metamorphism is supposed 
to be the dynamic agent in this process, although many pro- 
ductive regions present no evidence that any violent metamor- 
phoses have ever occurred,'' 

Binney and Talbot' described a peculiar occurrence of pe- 
troleum in a peat bed on Down Holland Moss, not far from Liver- 
pool, England, The origin of this oil was attributed by Binney 
to the decomposition of the peat itself, but this mode of genesis 

' "Petroleum," 3d ed., 1, 132. 

' Idem, 148. Cf., however, 198, on tte occurrence of pctrolouiji in traces 
in therniBl springB at Koumac, New Caledonia. 

< B-uU. Califomia Siaie Mining Bur., No. 19, 202. See also Bull. No. 3 tor 
more details. In Bull. No. 16, 1890, Cooper discusses at length tlje genesis 
of petroleum and asphalt in California. Bull, Noa. 31 aotl 32 also relate to 
this Bubjeot, See also Pbutzmau, Cal'^. Derrick, 3, Nos. 1-6. 

' Compt. rend., 117 (1893), 593. Bee also Bebtband, Compt. rend. VIII. 
Cong. gfot. intemat., 1900, 458. According to JerpRtir (Proc. Am. Aead., 
M (1910), 273), the supposed gelatinous algat are the spores of vascular oryp- 
togaraa. 

' " Geology of Ohio," 1 (1873), 158, See also an earlier paper by Nbw- 
BERRV, "Rock Oils of Ohio," in Fourteenth Ann. Itepl. Ohio State Board 
Agr., 1869, 605. 

• Proe. Am. Phil. Soe.. 10 (1868), 445; 87 (1898), 108. 

'SntBiOiB ICeiUratbl. Min., Geol. u. Pal., 1908, 271) has shown that the 
polymeriiatioD of petroleum may itself generate heat. 

• Trans. Mancheiler Oeol. Soe., 8 (1868), 41; 3 (1800), 9. See also BiN- 
VVT, Proe. Manehealer LU. Phil. Soe, 3, 138. 
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has been doubted.' However, it ifl reported by Newberry* 
that in the Bay of Marquette, where the shore consists of peat 
overlying Archean rocks, bubbles of methane arise, together 
with drops which cover the surface of the water, in spots, with 
an oily film. 

In 1899, Stahl> and, independently, Kramer and Spilker* called 
attention to a possible derivation of petroleum from Bacillaria^ 
cese (diatoms), which occur largely in peat. Diatoms contain 
drops of oily matter distributed in the plasma, and from diato- 
maceous peat 1,5 to 4 per cent, of a wax resembling ozokerite 
can be extracted.' The following theory of the origin of pe- 
troleum has been developed by Kramer and Spilker: 

Lakes became filled up in the process of time with a growth trf 
diatoms; over this growth other deposits were formed subse- 
quently. The decay of the diatoms (which takes place very 
slowly) gave rise to ammonium carbonate, which hydrolyzed the 
wax present; from the resulting acids, carbon dioxide and 
monoxide and water were eliminated, and ozokerite formed. 
Where the pressure was small and the temperature low, this 
was converted further into a comparatively low boiling petro- 
leum; under greater pressure and higher temperature, the sulphur 
present also exerting an influence, a petroleum was formed 
which contained a large proportion of viscid, high-boiling sub- 
stances (probably formed by polymerization of olefines); more' 
extended action of the sulphur, and of atmospheric oxygen, gave 
rise to a petroleum containing much asphalt. Generally speak- 
ing, the petroleum would be absorbed by a calcareous bed, a 
deposit of asphalt being thus formed.' 

Kramer and Spilker's theory has not been received with very 
general acceptance, but it undoubtedly contains elements of 
importance. Potoni^'s hypotheses' seem to be an extension of 
Kramer and Spilker's, Potonifi calls attention to the "faul- 
schiamm" or "sapropel," a slime rich in organic matter, which is 
formed from gelatinous algse and accumulates at the bottom of 

>H(iFEB("DaaErd6l," 110) states that this deposit lies upon sand which 
may have supplied the bitumea. 

» Armalt N. Y. Acad. Sd., 2 (1882), 277. 

* Chem.-Zlg., 33 (1899), 144; SO (1906), 18, 

' Ber., 33 (1899), 2940; 36 (1902), 1212. Cf. Enolbe, idem, S8 (1900), 7, 
'See also Guignet, Com'^. rend., 91 (1880), 888, on wan from peat. " 

• Cf. Khahitchkov, J. Ross. Phyt.-Chem. Soc, 44 (1912), 364. 
' Naiur. WochcTuchr., 20 (1905), 699. 
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stagnant waters. Such a slime, Potonifi believes, may be the 
parent substance from which bitumen, by a process of decay, 
was probably derived,' 

Comments on the oceanic sediments* surest an intermediate 
group of theories, which assume a mixed origin for petroleum. 
Animal matter in some cases, vegetable matter in others, or both 
together, are supposed to be the primary source of supply. 
Jaccard,* for example, maintains that the liquid oils are derived 
from marine plants, while the viscous or solid bitumens may 
originate from mollusks, radiates, etc. Some oils, again, are sup- 
posed to be of mixed origin, and it would seem probable that the 
last class is the most common. Similar views have been advanced 
with reference to American petroleum — that of Pennsylvania 
being attributed to marine vegetation, that of California to ani- 
mal remains; in fact, the American literature of petroleum con- 
tains numerous suggestions of this order.* 

The fact that some petroleums are optically active is, accord- 

> In this connection, and with reference to the adequacy of the proposed 
source, attention may be directed to the enormous accumulation of,jadia- 
l&rian and globigerina ootes on the bottom of the sea. 

* These oceanic sediments are especially noticed by Enoleb in a paper 
read before the petroleum congress in 1900 (Cong, iniemal. dit pdrole, 
Paris, 1000, 28). Li Thompson's monograph, "The Oil Fields of Russia," 
London, lOH, 85-87, a theory is developed to account tor the probable 
formation of bitumens on the sea bottom. Thoupbon regards fish re- 
mains as an important source of supply. Mikhaii.ovski {Bull. Com. gSol. 
St. PrUrtburg, 36 (1908), 319) derives the Caucasian petroleum from marina 
sediments. Morset {Bull. Geot. Survey Ohio, No. 1, 1903, 313) stiggesU 
that bacteria have been the chief f^ents in transforming other organic 
matter into hydrocarbons. 

'Edog. Geol. HeU-et., 3 (1890), 87. See aiso Arch. sci. pkya. not., (3), 
Sa (1890), 501; 34 (1890), 106, Jaccabd studied espocinlly the bitumens 
of the Jura. 

* In addition to thamemoirs already cited, see the Reports of the Second 
Geol. Survey, Pennsylvania. Also Bownockeb, Gcol. Sun'cj/ Ohio, (4), 
BvU. No. 1, 1903; Gunsy, SiiUenlh Ann. Rtpt., Indiana Depl. Geol. and 
Nat. Ilia., 1888; BLATCKLBr, idem, Twenty-eighth Ann. Rtpt., IWK; 
Haworth. Kansas Univ. Oeol. Surveij, 1 (1896), 232; Bsuubll, Geot. 
Stirvey Canada, Ann. Repl. 0, Q, 1893; and McGee, Elevenik Ann. Rept., 
U. S. Geol. Survey, pt. 1, 1891, 589. HARPEitATU (Bot. Acad. nac. eieti. 
Cirdoba (Argentina), 18 (1905), 15.1) has published a long memoir on petro- 
leum andsalt. Daltos- (Econ. Geot., 4 (1009), 003) advocates the organic 
origin of petroleum. 
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ing to Walden,^ of importance in deternuning the origin of 
petroleum. Only the oils derived from organic matter, Walden 
asserts, can possess this property; the hydrocarbons prepared 
from inorganic materials, such as metallic carbides, being optic- 
ally inert. The oils distilled from coal, which is of vegetable 
origin, are active; and petrolemn, which has the same peciiliarity, 
is presumably formed from similar materials. The optical 
activity is attributed by some to derivatives of cholesterin, of 
animal origin, or else to its vegetable equivalent, phytosterin.* 
The general conclusions are very important and quite convincing 
in certain respects, but require considerable invest^tiou before 
they can demand acceptance. 

As Clarke reminds us,' in any attempt to discover the genesis of 
petroleum the quantitative adequacy of the proposed sources 
must be considered. Superficial observations are deceptive; 
since they seem large, the visible and productive accumulations 
which furnish the oils of commerce are likely to be overrated. 
Orton' has called attention to the fact that while disseminated 
petroleum is well-nigh universal, the accumulations thereof are 
rare. In certain districts the shales and limestones are generally 
impregnated with traces of bitumens, which seem at first sight to 
be insignificant, but which really represent enormous quantities. 
In the Mississippian (" sub- Carboniferous ") limestones of Ken- 
tucky petroleum is generally present. If it amounts to only 
0.10 per cent., each square mile of rock, with a thickness of 500 
ft., would yield about 2,500,000 bbl. of oil. Hunt* estimates that 
in the limestone of Chicago, with a thickness of 35 ft., there are 

I Chem.-Ztg., 30 (1906), 391, USS, 11S8. Walden citea many exunplM 
of thiB optical activity. Sec alao Enoler, iind., 711. Rakczin {Orig. 
Com. SfA Intern. Cong. Appl. Ckem., 36, 721} regards the optical activity 
of petroleum as the moat important factor in determining the genesis of a 
crude oil. 

* See Rakozin, Ckem-Ztg., 80 (1906), 1041; Ber., 43 (1908), 1211, 1640, 
4675; Marcusson, Ckem.-Ztg., 31 (1907), 419; 32 (1908), 377, 391; Albkbcht, 
Inaug. Diss., Karlaruhe, 1907; Ubbelohde, Ber., 43 (1909), 3242; 43 (1910), 
608. Zaloziecki and Klaepeld {Chem.-Ztg., 31 (1907), 1156, 1170) 
question the cholesterin theory and favor that of Potoni£. See also 
Zaloziecki, Conipl. rend. Cong, inlernai. p4trole, Biicareat, 1910, 718; 
and Steinkopf and Wintbbnitz, Chem.-Ztg., 38 (1914), 813. 

'Loe. cit., 703. 

'First Ann. Rejil.,Geol. Survey Ohio, 1870, Chap. Xl;Oeol.SuTvev Kaituehg, 
Report oa occurrence of petroleum, etc., 1888-89. 

* "Chemical and Geological Essays," 187S, 168. 
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7,743,745 bbl, of oil to each square mile of territory. Such 
data, together with the computations by Szajnocha relative to 
Galician petroleum, lead to the conviction that the formation of 
bitumens is a general process and by no means exceptional. 
Wherever sediments are laid down, inclosing either auimal or 
vegetable matter, there bitumens may be produced. The 
presence of water, preferably salt, the exclusion of air, and the 
existence of an impervious protecting stratum of clay, seem to be 
essential conditions toward rendering the transformation possible. 
Seaweeds, mollusks, crustaceans, fishes, and even microscopic 
organisms of many kinds may contribute material to the change. 
In some cases plants' may predominate; in others animal re- 
mains; and the character of the hydrocarbons produced is likely 
to vary accordingly, just as petroleum varies in different 
fields. 

The question, sometimes raised, as to how petroleum becomes 
concentrated, will not be discussed here.' Probably circulating 
waters have much to do with the process, but whatever that may 
be the laws governing the motion of liquids must inevitably 
rale. 

General Conclusions. — In conolusion, it may be said that 
nearly all of the proposed theories to account for the origin of 
petroleum include certain elements of truth; in regard to some 
of the theories, considerable experimental proof has been forth- 
coming. SokoloB's cosmic hypothesis is sustained by the fact 
that hydrocarbons are found in meteorites. The volcanic 
hypothesis is supported by the fact that hydrocarbons occur 
among volcanic emanations. The organic origin of petroleum, 
however, seems to be best maintained by the geologic relations 
of the hydrocarbons. On the whole, the Engler-Hdfer dual ' 
theory^ has the largest number of adherents, to whom the evi- 

' See Breobb, Min. World, 36, 1219, 1321, for a full consideration of the 
vegetable derivation, Mabery {J. Irul. Eng. Chem., 6 (1914), 106) has 
conuluded that the origin of petroleum in certain American fields must be 
looked for chiefly in the decay of vegetation. 

' For a discuSBion of this problem, see IliSPBH, "Das Erd5l," 1906, 223. 
Also Adaub, Trans. Am. Inst. Min. Eng., 33 (1903), 340; and Day, ibid., 
lO.W. Orton's reports, previously cited, contain important contributions 
on this subject. 

•See EsoLEB and HOpeh's "Daa Erdol," lOOS, 3, 50-142; Aibinhann, 
Z. tmgew. Chem., 1893, 738; 1894, 122; Ipatiew, J. prakl. Chem., U (1011), 
800; and Hinacni, Pelroleum, 7, 62. 
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dence seems to be clear that no important petroleum field derived 
its hydrocarbons from purely inorganic sources.^ Campbell, 
who has considered the available evidence in a searching manner,* 
states that this testimony favors the animal origin of most pe- 
troleum, although a certain amount has probably been derived 
from the fatty portions of plants. Some authorities contend 
that oils having an asphalt base are derived from animal matter 
and oils having a paraffin base from vegetable matters. Still 
other adherents of the organic theories claim that the differences 
in quality of the oils are due to differences of capillarity, heat, 
pressure, extent of migration, etc., but none of these theories 
seems to have been proved. Richardson has recently expressed 
the opinion that the phenomena of surfaces and films, as demon- 
strated by the recent developments of colloidal chemistry, open 
up an entirely new point of view for the interpretation of the 
origin of petroleum and asphalt and one which will be, no doubt, 

> Datid Wbitb (/. Wath. Acad., 5, 189) baa considered the ingredient 
materitkla of coals and oil rocks, the biochemical and dynamo-chemical 
procesaea of alterntion of the organic detritus, its devolatiliiation, its regional 
alteration and the coireBponding regional differcncee in petroleums, and 
the occiHTence of higher rank oils in regions of greater alteration of the 
carbonaceous residues. His conclusioDs are as follows: (1} Petroleum is k 
product generated in the course of the geodynamic alteration of depoaita of 
organic debris of certain types buritKi in the sedimentary strata. (2) 
The quantity and characters of tho oils generated are determined by: 
(a) the Gompoaition of the organic deposit at the beginning of altoration; 
(i) the stage in the progress of this; (c) the elimination of the heavier and 
more viscous hydrocarbons through filtration incident to migration. It ja 
probable that the compoaition of the mother organic deposit largely regu- 
lates the types of oils; it may account for the nitrogeu and sulphur content, 
color, etc. (3) Tlie rank of tho oila is proportional to the d^ree of oltera- 
tion of the oarbonaceona deposits. (4) Tho change is marked by concen- 
tration of hydrogen in the distillates and of carbon in the residUM. (5) 
Abnormally light oils are in most cases due to filtration. (6) In general, 
the oils found in successive underlying formations are progreasively higher 
in rank. (7) In regions whore the progressive dcvolatilization of the organic 
deposits in any formation has paascd a certain point (uaually 65-70 per cent. 
fixed carbon) commercial oil poola are not present in that or underlying 
formations although gas may occur. (8) Wherever the regional alteration 
of the carbonaceous residues paaaea tho point marked by 66-70 per cent, 
of fixed carbon in the pure coala, tho light distillates appear in geiteral to be 
gaaea at rock temperatures. 

< "Petroleum and Natural Gas Resources of Canada," Ctmada Depl. vS 
Mines, Mine» Branch, 1914, 1, 76. 
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widely developed in the future. It seeme to Richardson* that 
the origin of all forma of petroleum must be attributed to surface 
action between a natur^ gas and the "sands," using this term 
in a general sense, with which it comes in contact. 

* J. Ind. Eng. Chem., 8 (1016), 4. 
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CHAPTER II 
THE GEOLOGY OF PETROLEUM 

Bt Fhkdebice O. CiiAPp' 

Aa shown in the preceding chapter, petrologenesis hfiB been a 
subject of research and extended theoretical discussion by 
chemists and geologists for many years, but without arriving at 
results universally accepted. In any consideration of the geolf^y 
of petroleum, it Is important to first review the question of origin, 
BO far as knowledge allows at the present time; for, to quote 
Campbell,* "much that is now uncertain could be eliminated 
were the source of the oil known and the mode of its orifpn 
understood. The geologist cannot afford to ignore this phase of 
the question." It is assumed by the author of this chapter that 
the reader is familiar with the general aspects of petrologenesis. 

Surface Indications of Petroleum. — While the evidences of 
the presence of petroleum which are commonly noted by the 
geologist or geological engineer are not such as can be seen 
and comprehended by the average layman, there are, however, 
in many oil fields, certain more direct indications which have a 
definite bearing on the existence of oil, either in that particular 
locality or at a distance. These so-called "surface indications" 
may be classified as (1) oil seepages or springs, (2) natural gas 
springs, (3) outcrops of sands impregnated with petroleum or 
bitumen, (4) bituminous dikes, and (5) bituminous lakes. Any 
one of these generally has some association with petroleum, but 
the latter very frequently lies at a great distance from the point 
where the evidence appears on the surface. 

To illustrate, it is a fact that a formation which reaches the 
surface of the ground at a particular point, and from which the 
seepages of oil, gas or asphalt are seen to emerge, may incline 
downward at such an angle that the point of greatest amount 

' Potroleum Engineer and Managing GeoiogiHt, The AsBOciated Geolt^cal 
Engineers, 120 Broadway, New York, 
'Econ. Oeol, S (1911), 363. 
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of oil in it lies many miles from the exposed outcrop. For this 
reason, it is generally inadvisable to drill on or near seepages 
unless there is also real evidence that the main deposit of 
petroleum occurs directly beiow. 

1. Oil Seepages. — Seepages may exist in one of two forms: 
(a) where the outcrop of an oil-sand reaches the surface; or 
(6) where there is a crevice or a fault through which the oil has 
risen to the surface from some depth. Seepages are commonly 
found in the lowlands, in swamps, or along small streams; some- 
times they occur merely as a faint scum on the water; but one 
case has been seen by the author in Mexico where oil and asphalt 
are running down the side 'of a small basaltic hill from 100 ft, 
or more above its base. Generally the upper part of an outcrop 
of an oil-sand will have lost its signs of oil, owing to weathering; 
but sometimes oil will still be found in the same stratum at water 
level. 

It is very important for the novice to distinguish between 
scums of oil and those of other substances on water. For in- 
stance, "iron scum" has, times without number, been mistaken 
for petroleum, and would-be investors have paid thousands of 
dollars for expert examination of territory on such slight evi- 
dence, where the expert, on his arrival at the locality, was able 
to say at once that the scum was not petroleum, and in some 
cases that the formation of the country was entirely unsuitable 
for its occurrence. As a rule, where a film of petroleum is present, 
it can be distinguished from that of iron by its odor. An old 
hand at the business will always be able to distinguish the two 
substances; and often a novice can distinguish them by remem- 
bering that even a drop of oil on a water surface will expand as 
a thin film, giving an iridescence enlarging from a center. In 
the case of "iron scum," a small stick thrust into it will break 
it up into separate patches, while an oil scum is so thin and 
cohesive as to retain its iridescent and unbroken appearance. 

As a rule, oil seepages exist as very faint scums on the surface 
of rivers or lakes, this having l>een true in certain of the Pennsyl- 
vania and West Virginia oil fields in the early days of their dis- 
covery. In other cases, however, as in Mexico, the tarry oil 
emerges from the earth in very large quantities; and ancient 
reports state that in certain biblically mentioned localities it 
formerly gushed out in great streams. In the past, rivers of oil 
are reported to have emerged from beneath the Caspian Sea; 
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and there is no doubt that natural explosions of burning petroleum 
have taken place, throwing masses of clay and stones into the air, 
uplifting the bottom of the sea locally and giving rise to small 
islands in the vicinity of Baku.' 

In the larger seepages one can see the green or black oil in 
drops or patches, which are frequently associated with a tarry 
or asphaltic substance; and gas may sometimes be observed bub- 
bling through the water at the same point. While oil seepages 
are generally very small, an instance has been mentioned by 
Craig* where as much as 20 bbl. of oil per day flows naturally to 
waste into a stream from a certain outcrop. A few cases are 
known where oil has come up throxfeh the ocean and appeared 
on the surface of the water, such an instance being reported from 
near Baku in the Caspian Sea, and similar occurrences exist on 
the coast of South America and of Trinidad. 

A question will naturally arise in considering such productive 
oil fields as are found in Pennsylvania, Ohio, West Virginia, 
Oklahoma and Illinois, namely, why oil seepages have been seldom 
known. The reason is that the beds are so slightly tilted as to 
remain unbroken and there has been no fissure or other channel 
by which the oil could reach the surface, except perhaps in the 
minutest quantities. Moreover, where these formations actually 
reach the surface in a neighboring locality, the oil has already 
leaked away, owing to the fact that productive strata in those 
States are of Carboniferous and earher age, and there has been 
plenty of time for the oil to disappear. In California and 
Mexico, however, where seepages are so abundant, the formations 
are of more recent age, namely, Tertiary and Cretaceous, bo 
that, even though the sands are tilted and eroded at the surface, 
the oil has not yet entirely disappeared. 

2. Natural Gas Springs.— In some places in Ohio and West 
Virginia, bubbles of gas rise in minute quantities through the 
water to the surface of streams. At other places, as, for instance, 
in the peninsula of Baku in European Russia, gas has beea 
actually burning for thousands of years, so that it has given rise 
to a peculiar sect, the "Fire Worshipers." Great gas springs 
exist in Hungary as well as in the United States and elsewhere. 
Gas springs, while not being an actual proof of the existence of 
oil in a locality, show us that conditions are favorable, for where 

> A. DE Lapparekt, "Traite de G^logie," 1BS3, p. 490. 
» E. H. Cdnninoham-Craio, "Oil Finding," 1912, p. 90. 
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we find natural gas, it is logical to expect petroleum also within 
the lateral range of the existing formation. 

3. Outcrops of sands impregnated with tar or bitumen are not 
common, but they exist in several parts of the world. ■ Perhaps 
the best occurrences of this kind arc the "tar Bands" of the 
Athabasca and other rivers in northern Alberta in Canada, where 
the outcrop of the Dakota formation b impregnated with tar 
for scores of miles along the main rivers, leading to the supposi- 
tion that oil and gas will be found in great quantity in those 
portions of the same sands which are under cover and have the 
requisite geologic structure. 

4. Bituminmis Dikes.— As to dikes of asphalt and other bitu- 
mens, the relationship is not so apparent, since these substances 
are frequently sohdified, and some varieties of them are as hard 
and compact as coal. This has been so deceiving to the public 
that in reference to one case at least, namely, the Albert Mines 
in Albert County, New Brunswick, the Courts have decided 
that the material (albertite) shall be legally known as coal. 
In reiJity, however, it is an entirely different bitumen. In 
other localities, such as Mexico and California, oil is seen to 
ooze out of the ground, together with the asphalt, thus proving 
a close relationship. 

5. Bituminous Lo^es,— Asphalt and related bitumens occur 
elsewhere at the surface in the form of lakes. In Mexico are a 
great number of seepages, some of small size, but many of them 
covering thousands of square feet, in which the asphalt has 
been seen emerging from the ground and taking the form of 
small lakes. The best known example of a lake of asphalt is 
the Pitch Lake of Trinidad, hundreds of acres in area, frequently 
described in literature. 

Asphaltic deposits are direct evidence that oil does exist or 
has existed in the vicinity, for tliese substances appear to be the 
desiccated or oxj'genatcd rcsitlues of hea^-y oils which have 
oozed out of the surface in past ages. In many cases it is possible 
for a geologist to locate the field from which the asphalt has 
escaped. Consequently, it is important not to neglect the surface 
evidences; but in studying them, one must remeinbrr that certain 
structural relations hold true, and consequently that oil pools 
wiU very seldom be found directly underneath the i>oints of 
emergence of the substances. 
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Supposed Indications. — It is true that in some localities in 
LoiuBiana. and Kumania, petroleum is associated with salt in 
such a manner that there would appear to be a direct relationship, 
as certain German, Hungarian and Rumanian geolo^sts and 
chemists have assumed. Perhaps the idea that oil and salt 
are necessarily associated is derived in part from the fact that oil 
was originally discovered in the United States during the search 
for brine, which was at one time obtained from wells in Pennsyl- 
vania and West Virginia. Many persons have assumed that 
salt is an indication of petroleum or natural gas. 

On the other hand, it is a fact that extensive masses of salt 
often exist entirely unassociated with oil, this being the case in 
Ohio and Ontario. Consequently, recent theories respecting 
the origin of petroleum have mainly ignored any relationship 
with salt as a factor in the process, assiuning first that brine, 
where found in an oil field during the drilling for oil, is a normal 
constituent of deeply buried formations of marine origin. While 
the connection of oil with dome-shaped masses of salt, as in 
Hungary and Louisiana, may be due to the fact that oil, when 
existent in a. suitable formation, becomes concentrated against 
the salt mass, as a suitable factor of interruption, nevertheless 
the frequent occiirrence of oil with salt seems to indicate some 
possible relationship in their origin. 

It has also been assumed by some investigators that mud 
volcanoes are necessarily associated with oil, but this also is 
doubtful, since mud volcanoes are known to exist in parts of the 
world where oil has never yet been discovered. 

Boverton Redwood states' that "in Russia and India the rela- 
tion between petroleum and mud volcanoes is very noticeable;" 
and he goes on to say that mud volcanoes are generally considered 
as a favorable indication for the presence of petroleum, oa has 
also been asserted by Mendeldeff, Dalton and others. Mud 
volcanoes are known to be found in the vicinity of the oil fields 
of the Caucasus mountains at Taman-Kcrtch, in the Apacheron, 
[ Crimean and Tanian peninsulas, in Venezuela, in northern 

' Columbia, at Minbu and the Island of Ramai in Burma, and 

I also to some extent in Transylvania and Galicia. At Baku in 

the Apacheron peninsula, they have been known for centuries, 
and have been associated with large quantities of natural gas 
I and petroleum. The height of the mud volcanoes near Baku J 

I » "A Treatise on Petroloma," 3d ed., 1913, 1, 122, ■ 
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ia reported sometimes as much as 1,300 ft., while those of 
"Transylvania, on the other hand, are seldom over 30 ft. in height. 

While natural mud volcanoes are not known to exist in the 
United States, there are, however, certain very voluminous 
natural gas wells in the Caddo field of Louisiana and in certain 
parts of Oklahoma, where the formations are comparatively 
soft and of a clayey texture, which have broken loose, bursting 
into the air, and continued to run wild, throwing water and mud 
into the air for years. These might almost bo classified as 
artificial mud volcanoes, and it is easy to imagine that they may 
be of similar internal structure to the natural mud volcanoes. 
They are, however, evidences of gas and not of oil. It is probable 
that the occurrence of mud volcanoes is not necessarily as- 
sociated either with natural gas or with petroleum in quantity, 
and that they may occur even where small amounts of any kind 
of gaa are imprisoned in or below the muddy strata, and the 
escape of such gas will throw the mud into the air. 

Summarizing the foregoing statements regarding the relation- 
ship of surface indications to petroleum, it must be acknowledged 
that surface indications of any kind are not essential, since many 
fields, such as those in Ohio, Indiana, Illinois and certain parts 
of Oklahoma, show an absolute lack of surface indications, oil 
never having been discovered until it was tapped accidentally by 
the drill or located on favorable geologic structures. We 
can say, however, that where oil seepages exist, they indicate 
oil below the surface in greater or less quantity. Similarly, 
since it is known that asphaltic deposits have come from oil, it 
may be said that oil has once existed in localities of such de- 
posits, and it is a question for the geologist to decide whether or 
not the conditions are such that oil may still be expected there. 
In many localities where the asphaltic deposits arc very old 
geologically, the oil seems to have completely disappeared. 
Where natural gas is present without oil, there is no direct 
evidence of the latter; but since gas and oil are believed to be 
derived from a common source, it is important to look for the 
geologic evidences of oil somewhere in the region. 

It is, of course, necessary for the expert to take account of 
all such occurrences as may prove the general region favorable; 
but he must be on his guard not to give undue weight to the 
chances in the particular locality where a "surface evidence" is 
seen. Many persons have supposed that occurrences of hy- 
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drogen sulphide are favorable to oil; but there seems to be no 
certainty of this. We should also mention the great deposita 
of bituminous shale which exbt in some parts of the world, and 
which, although not commercially workable in many cases, prove 
that oil exists potentially in greater or less quantity. 

One of the greatest mistakes mode throughout the early 
development of petroleum in the United States waa the supposi- 
tion on the part of a majority of prospectora that the oil fields 
ran universally in a given direction, and, with that idea in view, 
the men who were searching for oil, drilled thousands of wells on 
45° lines and 30° Hues. Underlying the idea was the fact that 
the general trend of the Appalachian oil fields as a whole and cer- 
tain other fields, is from norf.heast to southwest. Consequently, 
drilling in that general direction is somewhat more likely to 
strike oil than along southeast-northwest lines; but, on the 
other hand, the southwesterly trend of the fields is only true in 
a very broad sense, and an individual pool is just as likely to 
disappear toward the southwest as to be continued in that 
direction. The only class of lines which are of real value in pro- 
longing oil pools are "structure contour lines," drawn by the 
geologist on his maps, and which, when followed outward from an 
initial well, will furnish some clue to the probable direction of the 
extension of the ixjol. 

Geological Age of Formations Producing Petroleum. — 
Petroleum has been found in rocks of practically all geologia 
ages from the Cambrian up to the most recent; consequently, one 
cannot determine, simply by a knowledge of the age of the 
formation, whether or not oil will be found. It is, however, 
very valuable, in a given field, to know that the stratmn is of the 
same age as some producing stratum in an Eidjoining field, since 
this leads one to infer similar favorable conditions. 

Table III, compiled from various sources, presents an outline 
of the formation in which petroleum is known in the United States 
and Canada. 

Character of Formations Containing Petroleum. — The greater 
part of the petroleum of the world is fountl in sandstones, sands 
and limestones, but certain cases are known where it exists 
in shales, and it has even been reported in small quantities in 
igneous rocks. Since strata yielding petroleum are geologically 
identical with those jielding natural gas, it is necessary to con- 
sider the twu substances together to a certain extent. 



THE GEOLOGY OF PETROLEUM 



Em 


Byttm 


Gedodal (toap 


Looality 




Qaatanury 


Recent 


Tew and LomBana. 




TwtUry 


I^UMen>Hri» 


California and Wfominc 




MioeeneHriH 


California and Wyomins. 




EoMcetetiea 


California. 






"'"""="'™°" 


Alberta, CaUfomia, Wyomitw. TeiM 


M>»»ia 


Lower Cietaceoua 


Louiiian> and Wyombs. 




JuiaHie 


Sundance formation 






Tri««« 




Wyomin,. 






Pormian Hria 


Teiu and Oklahoma. 






Viriinia, Ohio, Kentuoky. Alabama, 
Kanaai. Indiana. Wyoming, California, 
To™ and Utah. 






«-^ppU.„H. 


lilinoia. Indiana, Weat Virdnia and 




P«...„,[. 


Pennsylvania, Weet Vircinia. Ohio and 
Kentucky. 




DOTonian 


Cb....,lC.l.Ull 




PalwHoic 




Ontario, Canada. 


Cratm.. 


Ohio. New York. Indiana and Ontario. 




OrbksDy 


New York. Indiana and Ontario. 




Silurian 


G«lph 


New York and OnUrio. 




■""» 


New York. Ohio, Indiana, Illlnoia and 
Ontario. 




Clinton 1 Ohio and Ontario. 




Medina 1 New York and Ontario. 




OtdoYidan 


TrentoD | Ohio. Indiana, New York. Kentuoky 
and Ontario. 







t.Google 



We may classify the formations which contain petroleum aa 
"reservoir rocka," and this term is particularly appropriate 
since it seems probable that they are in truth merely reservoirs, 
the contents of which have been generated in underlying strata 
and have been collected in these formations, since the latter are 
particularly porous. 

The question of the derivation of the oil is, of course, bound 
up with its origin, but it seems probable that there are certain 
limestones to which the oil may be indigenous, as, perhaps, the 
Trenton limestone of Ohio, the Tamasopo limestone of Mexico, 
and certain other great" iimeatones; but, as stated elsewhere, no 
particular theory as to the origin of petroleum is advocated in 
this work. 

The porosity, or capability of sandstones and sands to hold 
oil, is due to the shape and arrangement of the grains. Oil- 
well drillers refer to certain sands as "oil-sands," "gas-sands," 
"water-sands," or sands from which nothing is expected; and 
it seems that with their long experience in the business, they 
often have a faculty of noticing certain characteristics regard- 
ing shape of grain, etc., which determine the factor of porosity. 

In limestones, the question of porosity is somewhat more 
complex. There is no doubt that in certain limestones petroleum 
occurs in greater or less quantity, in real cavities which have 
been caused by solution of the rock. In other limestones, 
however, the porosity is due to the fact that the rock has been 
changed locally from limestone to dolomite, giving a phase of 
interlocking crystals, in which the oil is held. The change is 
due to the conversion of the calcium carbonate which composes 
the limestone into the calcium and magnesium carbonate which 
mineralogists know as dolomite and which occupies less space 
than the limestone. The Trenton Umestone of Ohio and Indiana 
is thus altered along the crest of the Cinciimati anticline. 

In the case of sandstone, the occurrence of oil is due not only 
to structure, but is affected also by the continuity of the stratum. 
Well drillers recognize the internal variations when they speak of 
a sand being "open" or "close," "soft" or "hard," and "good" 
or "poor" in character. An experienced driller may determine 
the petroliferous possibilities of a sand by visual examioation, 
but he is unable to determine definitely whether it would be 
productive without knowing the geological structure of the 
locaUty in question. 
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The question of the amount of oil which a certain formation 
can contain in view of its porosity ia a rather complicated sub- 
ject. It is discussed by Redwood' in some detail, and will not 
be gone into here. Interwoven with this same subject is the 
question of the distances which one well will draw oil from 
another, and many othe;r questions enoomitered in the drilling 
of an oil field. 

Stratigraphic Relations of Petroleum. — The conditions under 
which petroleum exists in the earth are both stratigraphic and 
structural. The principal requisite for a productive oil field 
consists of a porous reservoir rock overlain by an impervious 
cover. As stated elsewhere, the reservoir rock is commonly 
sandstone, sand or hmestone, and the cover is most frequently 
shale; but there are many different exceptions to and modifies^ 
tions of this rule. It ia a fact, however, in a field of large volume, 
that there must be some sort of a continuous cover toprevent 
the oil from leaking away to the surface and disappearing, and 
thia is what must have happened in some great fields from which 
the oil has long since vanished. 

Ordinarily the bed of impervious rock overlying a "sand" 
which holds oil or gas, is known as the "cap-rock." It is fre- 
quently very hard, though not always, and generally consists of 
limestone or shale. One of the most widespread formationa 
overlying gas- and oil-sands is the Utica shale above the Trenton 
limestone in the^ Ohio-Indiajia fields. The Clinton sand of 
central Ohio ia overlaid in a similar way by the Clinton shale. 
The numerous oil- and gas-sands of Pennsylvania and West 
Virginia are all overlaid by impervious shales. In the Louisiana 
fields a hard stratum of limestone sometimes acts as a cap-rock 
overlsdng a more pervious portion of the same formation. In 
fact, " cap-rocks" may consist of almost any relatively impervious 
material, even dense sandstone answering in some fields. 

Structural Relations of Petroleum. — One of the most important 
matters to understand in connection with the geologic aspects 
of petroleum is the relationship in which oil, gas and water are 
found in view of their different specific gravities. Where these 
substances exist in any sand, it is very probable that thpy were 
originally intimately mixed, but that the tilting or folding of the 
strata from geologic causes have separated out tho different 

'BOVKRTON Redwood, "A Treatise on Petroleum," 3d od,, 1913, 1, 
p. 113. 
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substances, segregating the water into the lower parts of the 
porous strata, the oil liigher up, and the gas into the very highest 
portion of the strata which it can reach. Tiiis relation is a fun- 
damentai consideration in the discussion of oil geology, since it 
means that where the sanda are absolutely dry the oil will be 
found low in the synclines or ba-sins; whereas, where the sanda 
are wet, the oil in many cases will have been forced up by the 
water to the crest of a dome or anticline. In practically all 
instances, however, the oil lies lower in the formation than does 
the gas, and it generally rests upon water, when the latter is 
present. 

Movements of Oil in the Strata. — A subject on which the ma- 
jority of oil geologists are agreed is that petroleum is not 
limited to the formation in which it originated, but has migrated 
and is sometimes still migrating. This necessitates an under- 
standing of the movements of oil through rocks, and an excellent 
description of these has been given by Camplrell.' 

So far as known there are three forces wluch are mainly re- 
sponsible for the movements of oil through the rocks and its 
segregation: (1) gravitation, (2) capillary attraction, and (3) 
differences in specific gravities. It is probable that the gravita- 
tive factor is very simple and practically negligible, on accoimt 
of the friction which would be encountered by the oil in moving 
through the rock. Capillary attraction, however, is much more 
powerful than is gravitation and is supposed to be an effective 
agent in the movements of oil.* As has been shown by Day,' 
petroleum will diffuse readily in all directions through dry clay 
and shale, and in tiiis diffusion the oil may be separated into 
fractions of different specific gravities. This process probably 
takes place frequently in dry rocks; but in those saturated with 
water the capillary factor is likely to be overshadowed by the 
presence of water. Moreover, capillary attraction takes place 
only in rocks having extremely small pores, such as clays or 
shales. These rocks when moist are impervious to oil, which 
may be the main reason why a cap-rock of clay or shale is best 

' M. R. Cammell, "Petroleum and Natural Gaa Resources of Canada," 
Canada Department o} Minet, Mine* Branek, 1 (1914), pp. 76-89. 

' C. W, WASHBnBNE, "Tlie Capillary Concentration of Gaa and Oil," 
Am. Insl. Min. Eng., BuU. No. 93 (Iltl4), 2365-2378. 

' David T. Day, Proe. Am. Phil. Soe., 36, No. 154, 112-155; also Trana, 
Am. Inst. Min. Eng., 41, 219-224. 
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fitted to hold the oil in the reservoir below it. It is a great 
question as to whether capillary attraction, notwithstanding its 
great force, has been sufficiently widespread or continuous to be 
the most important factor in oil movements and accumulation. 
In connection with capillarity, it has been shown by Day' that 
oil will diffuse readily through dry fullers' earth, but that moiat- 
ened earth is impervious; hence the cap-rock overlying the oil 
reservoir may consist either of fine-grained impervilous rock or 
of fine material saturated with water. 

The principal factor in the movement and accumulation of oil 
appears to be specific gravity, or, more accurately speaking, the 
difference in the specific gravitiea of water, oil and gas. As ox- 
plained by Campbell,* water has presumably been such a powerful 
factor in the movement of oil that it has always pushed oil ahead 
of it when moving up the dip of a porous stratum; consequently, 
where the rocks are saturated, the oil has finally been accumulated 
on the highest portion of an anticline or dome. Moreover, it 18 
probably true that in cases where the saturating water has been 
removed subsequent to the time of structural change, the asso- 
ciated oil will Btill remain in a high portion of the stratum, since 
it does not move readily by the force of gravitation alone. In 
localities, however, where the reservoir rocks were dry at the time 
of structural change and are still dry, the oil may be found in the 
syncUnes; this is frequently true in West Virginia and in some 
parts of Pennsylvania. 

Another view, originally proposed by Munn, is that the move- 
ments of oil are bound up with the hydrostatic conditions in the 
stratum, as affected by the overlying surface topography, and 
consequently that the present accumulation of oil bears a definite 
relation to the present water circulation; but this theory has not 
met with wide acceptance. In any case, both the advocates 
and opponents of the anticUnal theory seem to have generally 
assumed that oil rocks are saturated with water; but such is not 
univereally true, and hence the structural relations of oil arc 
quite different where water is or has l»een present from what they 
are where it has been absent. Therefore, one of the first req- 
uisites in examining an oil field is for the expert to determine 
whether the rocks are wet or dry. 

* Datid T. Dat, "Ttio Con'iiti'in^ of AccumulAtian of Petroleum in thn 
Earth," Trant. Am. Jjut. Hin. Eng., 41 (1911), 212-224. 
*0p. c*(., p. 79. 
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It should not be assumed that all beds of sandstone or all parts 
of any particular sandstone stratum are capable of holding oil, 
for there are many sandstones and many portions of every sand- 
stone which are too hard to contain oil, and in many cases the 
grains are so closely cemented as to make the rocks practically 
impervious. 

The movements and methods of accumulation of oil into 
definite pools are presumed by Campbell to be somewhat as 
follows, and these movements seem to be generally accepted by 
oil geologists: 

" Ui^ed on by the difference in specific gravity, the oil will riae through 
the interstitial pores in the rock. If the rock consists of a great maes of 
sandstone, the ail will be forced to the top o( the bed unless it has been 
arrested in transit by a barrier of impervious sand or a clay-sealed fault. 
After reaching the top of a particular 'sand,' be it thick or thin, the oil, 
if still forced by the water behind, will seek to escape into the over- 
lying bed; but if this bed be composed of impervious clay or shale, the 
oil will be confined to the one stratum. When so confined, its move- 
ment will depend almost entirely upon the attitude of the bed or, in 
other words, upon the geologic structure. If the lied lies nearly horiz- 
ontal, there is manifestly no place to which the oil can migrate and then 
it collects in the uppermost layers of the sand. Beds of rock, however, 
seldom retain their horizontality for any great distance. If they rise, 
the oil will tend to move in this direction, but whether this tendency 
develops into actual motion will depend largely upon the degree of 
inclination of the bed. If the dip is slight the pressure resulting from 
the difference in specific gravities of the water and oil may not be 
sufficient to drive the oil through the open sand; but in case the bed is 
sharply tilted, the oil will move freely, provided that the sand main- 
tains its open, porous character. This fact explams one of the condi- 
tions controlling accumulation of oU — a condition that is probably most 
marked in the case of the Ohio-Indiana pools in the Trenton limestone." 

Types of Geologic Structure with Which Oil Pools are Asso- 
ciated. — -In considering the geological structure of oil fields, 
much has been written on the "anticlinal theory," which still 
has its advocates and opponents. This theory has been of great 
value in locating oil fields, but petroleum is also subject in its 
occurrence to other factors, which account for the apparent 
failure of the theory in some localities. Moreover, petroleum 
occurs in other types of geological structure than anticlines, and 
a knowledge of all these types is necessary to a geological engi- 
neer in making predictions of value. 
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The anticlinal theory was firat suggested by T. Steny Hunt,' 
and has been iavestigated and advocated by E. Benjamin An- 
drewa,' Alexander Winchell,' J. J. Stevenson,' F. W. Minsball,* 
J. S. Newberry,* Hans Hofer,' and others. The theory was not 
dednitely formulated, however, until 1885, when I. C. White' 
worked out its details and applied the theory in practice by lo- 
cating oil and gas fields in West Virginia and Pennsylvania by 
means of it. White's theory was at first applied strictly to 
supposedly saturated roctis. In dry rocks somewhat different 
conditions exist, and in such instances the theory is modified. 
Edward Orton' also deserves great credit for parallel lines of 
research which deciphered the geologic structure ef certain 
terraces. The various stages in the anticlinal theory have been 
ably summarized by Campbell, "* 

In order to consider the various types of geological structures 
with which petroleum is now known to be associated, the author 
of this Chapter has had occasion to classify them. The original 
classification was published in Economic Geology,^'' referring to 
sccumulatioDs of gas as well as of oil. 

In any accumulation based on geologic structure, the structure 
of the productive stratum itself must be considered independ- 
ently of the configuration of the surface or structureof any surface 
formation. The object of the classification is to describe the 
various types of accumulations of petroleum by grouping them 

' "Notes on the History of Petroleum or Rock Oil," Can, Nal.. 6, 241- 
255 (August, 1861) ; Canada Geol. Survey, 17(A Rept. of pTogreae, 1863-66, 
233. 

• "Rock Oil, its Geologic Eelationa and Dbtribution," Am. J. Sci., 
(2), 32, S5-93; 

' "Od the Oil Formation in Michigan and Elaowliere," Am. J. Sci., (2), 
3« (1S65), 352. 

• Seeond Otot. Survey o/ Penrtsyhania, (H), 1876, pp. 394-5. 

• In letlera to tlio Stale Journal of Parkeraburg, West Virginia, in 1881, 
*Oeol. Survey of Ohio, 1 (1873), 160. 

'■'Das ErdSl und seine Verwandten," 3d ed,, p. 1G6; "Geologic dea 
ErdSls," p. 18. 

' Seimee, 6, June 26, 1885; BuU. Geol. Soe. Am., 3 (1892), 187-216; and 
W. Va. Oeol. Survey. 1-A, 1904, pp. 48-64. 

■ Oeol. Survey of Ohio, 1886, 6, pp. 21 and 94. 

" "Hiatorical Review of Theories Advanced by American Geologists to 
Account for the Origin and Accumulation of Oil," Econ. GwJ., 6, No. 4, 
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into classes, each division of which follows a special rule of struc- 
ture, and all of which have certain aapecta in common. 
The classification as elaborated to date, is as follows: 



Class I. — Where anticlinal and synchnal structure exists. 

(a) Strong anticlines standing alone. 

(&) Well-defined anticlines alternating with synclines. 

(c) Structural terraces. 

(_d) Local warpings on monoclinal dip. 

(e) Accumulations on monoclines, due to thinning out or 
change in texture of the sand. 

(/) Broad geanticlinal folds. 

(j7) Overturned folds. 
Ci/Ass II. — Quaquaveraal structures. 

(a) Antichnal bulges, or "cross anticlines." 

(6) Saline domes. 

(c) Volcanic necks. 

(d) Perforated domes. 
Class III. — Joint cracks. 

(a) Joint cracks in sedimentary rocks. 

(b) Joint cracks in crystalline rocks. 
Class IV. — Sealed faults. 

Class Y. — Oil sealed in by asphaltic deposits. 

Class VI. — Contact of sedimentariea with crystalline rocks. 

Class I. Where Anticlinal and Synclinal Structure Eziets. — 
This is the type of petroleum accumulation with which we are 
most familiar. It predominates in a large majority of the known 
oil fields of the world, including the Appalachian, Illinois, 
Indiana, Mid-Continent, Wyoming, Colorado, northern Louisi- 
ana, northern Texas, and some of the California fields in thia 
country, and Russian, Austrian, Burma, and Borneo fields in 
the eastern hemisphere. Class I is divided into seven subclasses, 
in order to distinguish between various structural relations in 
which oil is found in connection with anticlines and synclines. 

Stihclass (a). Where Strong Anticlines Exist Standing Alone. 
— In this division should be included fields that bear a direct 
relation to very -pronminced uplifts, easily recognizable, and whidi 
constitute a marked geologic feature of the region. The only 
prominent example in the eastern fields of the United States is 
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FiQ. 2. — Sketch map of a portion of the Volcano anticline in West Viiginia, 
to iUnstrat£ tbo occurrence of petroleum according to Subclaaa I (a). The 
oil ia found on the fUt creat of the highest portiooa of the anticline. (After 
a. P. Gtimaley, Sept. W. Va. GeoL Survey, 1910.) 



ibyGoogle 



so THE AMERICAN PETROLEUM INDUSTRY 

the Volcano anticline in Pleasants, Wood, Ritchie and Wirt 
counties in West Virginia, This anticline is 25 miles in length, 
and ranges in direction from north 20° west to north 20° east, 
from an eighth of a mile to over a mile broad on its flat crest, 
and has side-dips in places as high as 20 to 60°, A structural 
map of it in part is given in Fig. 2. The anticline differs some- 
what in direction from the main Appalachian folds, and was 
probably produced by a different set of forces. It is one of the 
earliest recognized anticlines in the country, and probably has 
had as many wells drilled on it as any other. It has been de- 
scribed by White,' Andrews' and Evans. Some of the Cali- 
fornia fields which have sharp anticlines probably belong to 
this class, and perhaps the Baku fields of Russia should be 
placed here, 

Subdaaa (6), Where Well-defined AUemaling Antidinea and 
Syndines Exist. — With minor exceptions this subclass includes 
all pools in the Appalachian field in Pennsylvania, West Virginia, 
eastern Kentucky, the fields of southern Indiana and Illinois, 
certain Oklahoma fields, part of the Caddo field of Louisiana, 
certain fields of northern Texas, Colorado and Wyoming, 

The Caddo field has geologically nothing in common with the 
Beaumont and Jennings fields and others of the Coastal Plain in 
Louisiana and Texas, but it has certain similarities in structure 
with the fields of Pennsylvania, West Virginia, and Illinois. 
In northern Louisiana the oil-accumulating structure is afforded 
by the Sabine uplift, and the final distribution of oil and gas there 
appears to be due to minor anticlines and synclines, accompanied 
by differences in porosity of the Upper Cretaceous formations. 

Several of the California oil fields also belong in this subclass, 
viz.: the Coalinga field and the Los Angeles field, according to 
descriptions by Eldridge* and by Arnold and Anderson.* In 
1895, Noctling established the fact that the oil fields of the 
Irrawaddy, in Burma, correspond with the structural theory; 
and they presumably belong in part in this subclass. The oil 
in those fields is directly related in its distribution to anticlines 
and domes iti the Miocene sandstone. 

' I. C. White, Bull. Qeol. Soe. Am., 10 (1899), 29. 
■ E. B. Andrews, Am. J. Hci., (2), 93, 85-93. 

» Geo. H. Eldrtooe, BaU. 21S, U. S. C«J. S'urvey. pp. 300-321 (1902). 
' Ralph Arnold and Robeht Andebbon, Bvll. 3t7, U. S. Oeol. Swveg, 
pp. 70-71 (1908). 
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The rocks in the fields comprised in subclasa (6) are folded into 
alternating anticlines and synclinea of moderate dip, which is 
seldom as much as 30° from the horizontal. This is theEubclass 
to which the anticlinal theory was originally applied. Aa natural 
gas occura in the upper part of individual sands, or "pay streaks," 
the oil occurs somewhere below the gaa, while salt water, when 
pre.scnt, fills the remaining space in the sand, if the latter is 
uniformly porous, or occurs in separate "pays," where the sand 
as a whole has not a high degree of porosity. The position of all 
these deposits is controlled primarily by force of gravity. Where 
oil or salt water occurs higher than gas in the aand, it is presum- 
ably due to sharp changes in the dip, or to a multiple nature of 
the "pay streaks." 

Subclass (6) is illustrated in Fig. 3, where an oil field is 
seen occupying the aide of an anticline, while a gas field occupies 
the crest. 

Subclass (c). StrucluTol rerracefi are an exaggerated form of the 
flattenings of dip which are included in subclass (rf). As a rule, 
where gas exists, it is found on the outside of the terrace, with oil 
on the inside and round the edges, though this is not an infal- 
lible rule. The change in the rate of dip forma a local interrup- 
tion and seems to be the essential factor. 

The effect of terrace structure was first explained and illua- 
trated by Edward Orton in 1866.' In the Findlay field of 
northwestern Ohio, described by him, oil and gas were found in 
two terraces, separated by a monoclinal dip. The upper terrace 
yielded dry gas, the lower terrace yielded oil and water. Orton 
gave the name "arrested anticlines" to structural terraces, and 
cited the Macksburg field of southern Ohio aa an example.' 
The terrace structure of the Macksburg field was first recognized 
and described by Newhall in the same volume. 

During the past two decades, hundreds of similar terrace struc- 
tures have been discovered throughout southeastern Ohio, 
northern Oklahoma, West Virginia, and, to some extent, in other 
states, and moat of them are available for oil or gas development. 
Generally, though not always, the structure can be practically 
determined from the geology of the surface without the necessity 
of lx>ringa until one is ready to make his test. Other good ex- 
atnples of terrace structures and relations of oil to tfaem were 

» Science, 7, 563. 

• "Geology of Ohio," 8 (1S88), 94. 
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shown by Griswold and Mirnn in Jefferson County, Ohio/ and 
fig. 4 is an illustration of this class of structure taken front 
their report. 

SvhcUus J (d). Local WarpiTigscnMonodinallH-p. — This may 
be considered as a less prominent form of I (c), in that the terrace 
is not a well-defined one; but there are alight Battenings apd 
inward and outward warpings with which the oil is associated, 




Fia. 4. — Sketch map to illustrate the occurrence of petroleum on structural 
terraces, according to Subclaas 1(c), (After Griawold and Munn. For ex- 
pUofttions, Bce Figs. 3 and 5.) 

since these furnish interruptions and thereby facilitate the segre- 
gation of the oil pools. One type of these warpings is shown in 
Rg. 5, which is an illustration of a small pool in Pike County, 
Ohio. 

While subclass I (d) has been noticed l)y the author mostly in 
Ohio and Oklahoma, a number of examples have been reported 
by Gardner and others in Kentucky and Alabama. The 
majority of the oil and gas pools in southeastern Ohio belong in 
this subclass. Definite anticlines are not so common in Ohio 

» Bufl. 818, V. S. Geol. Survev, IWI. 
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as in PennBylvania and West Virginia, since formations dip only 
in one general direction (toward the southeast). However, the 
application of the structural theory, properly understood, is 
almost as certain of profitable results as it is in Pemisylvania, for 
the reason that the dip is not uniform, but varies from fiat to 
over 5'' from the horizontal. Oil and gas can be predicted in 
subclass (d) through recognition of the principle that any change 
in the rate of dip is to be considered as a possible place of accumu- 
lation; and that such a place of accumulation once discovered, 




FiQ. 5. — EKunplc of Subclass 1(d). A amall oil pool coincident with a 
change io monoclinal dip, id Clinton saad fields of eouthem Ohio, examined 
by the author. 

the pool can be easily extended (within structural and lithoI<^cal 
limits) by following the lines of horizontality in the sand. 

iSu&cZaas / (e). Accumtdaiiona on Monodines Otnng to Tkinninfi 
Out or Change in Texture of the Sand. — There are doubtless a 
great number of instances of this type; but the best known is 
that of the Clinton sand of Ohio (or, in reality, a Medina sand), 
which rises from a great depth in the Appalachian basin, and 
gradually thins out as it approaches the surface in central Ohio, 
80 that it never reaches the top of the ground, the feather edge 
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being hemmed in by shale; thus furnishing an ideal substitute 
for an anticline and hence this formation has become a repository 
of one of the greatest gas fields in the world, on the lower border 
of which are the Bremen, Junction City, Wooster, Straitsvjlle 
and other well-known oil fields. A cross-section of the west side 
of the Appalachian basin, illustrating subclass I (e), ia shown in 
Fig. 6. An ideal section of a pinching sand is given in Fig. 10. 

Subclass {/). Broad Geantidinal Folds. — This is an extreme 
type of I (a). By a geanticline is meant an anticline which is 
extremely long and broad, and constitutes more than a local 
feature, extending over thousands or tens of thousands of square 
miles. One of the best examples in this countrj' is the Cincinnati 
anticline, in which immense reservoirs of oil and gas have been 
developed and exhausted, the oil and gaa being contained mainly 
in the Trenton limestone. Owing to the broad areas imder 
which oil is found in the Cincinnati antichne, the chances of 
success in drilling were originally much better than in other 
fields. Most of the pools in the Clinton sand in Ohio are situated 
along the eastern fiank of the Cincinnati anticline, but these 
pools belong under subclass (e) of the classification. A cross- 
section of the Trenton limestone field appears in Fig. 6. 

Subdasa (g). Overturned Folds. — Examples of oil and gas occur- 
ring in connection with overturned folds .are not common, but 
some such cases are conspicuous in California, as shown by Arnold 
and Johnson,^ and they are reported in Galicia and elsewhere. 

Class n. Domes or Quaquaversal Structures. — In the classi- 
fication of oil deposits, the subdivision entitled "quaquaversal 
structures" is used to include all those structures in which the 
oil-sand dips away in all directions from a central point; thus 
including the saline domes of Louisiana, certain anticlinal domes 
in Oklahoma and West Virginia, the basalt volcanic necks of 
Mexico, and the perforated and non-perforated salt domes of 
Rumania and Hungary. 

Subdaas 11 (a). The ArUidincdAntlge Type. — This structure 
merges with the types described in subclasses I (a) and I (b) of 
the classification, since practically all anticlines consist of 
alternate contractions and bulges where the formations are 
respectively depressed or elevated. 

The term "cross-anticline" has been sometimes applied to 

■ RA1.PH Abnou) and HABsr R. Johnson, BvU, 406, V. S. Oeol. Survey, 
1901, p. 07. 
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these domes or bulges, but not always correctly so, as, for iu- 
stance, at JacksODville, Greene County, Pennsylvania, where 
the deepest part of the Ninevah syncline lies directly opposite 
the highest part of the dome on the Washington anticline. 

Anticlinal bulges are of all shapes and sizes, but those of great 
length would hardly be recognized as domes and are not here 
consider^, since they belong strictly to subclasses I (a) and I 
(6). Anticlinal bulges exist in Washington and Greene counties, 
Pennsylvania,^ in Jefferson and Harrison counties, Ohio,* and 
in Johnson and Natrona counties, Wyoming,' Wegemann has 
named this last-mentioned feature "the Powder River doifie." 
The anticlinal-bulge type of domes has also been observed at 
many other places throughout Pennsylvania, West Virginia, 
Ohio and Oklahoma. Fig." 7 is an illustration of this type. 
While natural gas is more common than oil in this type of domes, 
oil does occur in some localities, especially where the rocks are 
saturated with water. 

Svbdaas II (b). The SaitTie-dome Type. — This type of qua- 
quaversal structure was described by Hayes and Kennedy in 
1903* and more fully by Fenneman in 1906.' The saline domes 
ofXjOuisiana were described by Harris in 1908,', 1909,'' and 1910.* 
The saline-dome structure ia typical of most of the fields in 
Louisiana aOd Texas within 100 miles of the Gulf of Mexico. 
The Caddo field and the north Texas fields, however, are not 
included in this type. 

Is southern Louisiana there axe five prominent elevations 
known as the "Five Islands," or the "South Islands," which 
constitute the most conspicuous landmarks in hundreds of miles 

> F. Q. Ci-APP, FoliM IM and 146, U. S. Geol. Swveyi 1907; &nd W. T. 
Obiswold, Butt, aie, U. S. Geol, Survei/, 1907. 

' W. T. Griswold, Bail. 198, U. S. Geol. Survey, 1902. 

' C. H. Weobmann, Bu«. 471-A, U. S. Geol. Survey, 1912. 

*C. W. Hateb and Wu. Kennedy, "Oil Fields of the Texas-Lou bians 
Gulf Coastal Plain," Ball. 212, U. S. Geol. S-urvey. 

•N. M, Fenhiiuak, "Oil F'uAda of the Texas-Louisiand Gulf Coastal 
Plain," £uil. 282, U. S. Ged. Survey, 190S. 

•G. D. Hahbib, Bull. No. 7, "On Rock Salt," Repl. of 1907, Geol. 
Sumy of La., 1908. 

*"Geabgical Occurrentre of Rock Salt in Louisiana and East Texas," 
Sean. Oeol., 4, No. 1, 12-34. 

■G. D. Hakris, "Oil and Gas in Louisiana," BuU. 429, U. S. GeoL 
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along the Coast of the Gulf of Mexico.' They rise from a few 
feet to 200 ft. above marsh level and have been frequently dis- 
cussed in literature. Id area they are from 200 to 1,500 acres. 
Salt is found in all of the Five Islands except C6te Blanche. 

It should not be supposed, however, that every dome which 
is a salineKlome geologically is evinced on the surface of the 
plain by a topographic dome. While instances exist of the 
occurrence of mounds or small hills overlying the geological 
domes, the topographic dome is not a necessity to the type. 
The Welsh and Spindle Top pools and some others are situated 
where the surface is practically flat. 

The configuration of the strata and the minerals underlying the 
saline-domes are matters of much interest and great importance, 
as the structure is very different from the normal southeastward 
dip of the Cretaceous and Tertiary beds which underlie the 
Coastal Plain of Louisiana and Texas. Whether or not there is 
any particular surface topography indicating a dome in the 
locality, there is a very marked geologic protuberance con- 
sisting of a sudden upward warping of the strata, as they ap- 
proach the edge of the dome, so that they may stand nearly 
vertical round its edges. Several thousand feet of uplift in an 
area a mile across is not uncommon in these salines. While 
there are no Cretaceous beds of normal structure at the surface 
in Louisiana, there are several salines in which these formations 
reach the surface in limited areas. Beneath the Cretaceous 
beds and interlaminated with them in the center of the dome are 
extensive deposits of rock salt, sulphur, gypsum and sometimes 
other minerals. 

In certain other fields an association of salt and sulphur is 
found with hydrocarbons. This holds true in Russia, Sumatra, 
Java, Japan, Rumania, Germany and Transylvania. Gypsum 
and zinc blende are occasionally found associated with these 
deposits, and pyrite and galeoite are reported by at least one 
writer. 

The term "dome" refers to the shape of the geologic struc- 
ture, which is illustrated by Fig. 8. In the Gulf Coast oil fields, 
the \mderlying formations are domed, whether the surface is 
BO or not. For instance, at Spindle Top the rock structure 
has been carefully determined on the basis of well records and 
has been found to have a form similar to that illustrated. The 

'A. F. LocAs, Trang. Am. hist. Min. Eng., 39, 4ft4. 
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cross-sections of all salines which have been determined show a- 
siinilarj more or less, dome-like form, although there are great 
differences in local conditiona As a rule, sands and shales 
are penetrated for several hundred feet in depth, then limestone 
or dolomite is encountered, below which sulphur, gypsum and 
rock salt are found. The character of these minerals is not sup- 
posed to have any effect on the existence of oil at the particular 
point; but the oil hss been accumulated from the surrounding 
strata owing to the interruption formed by the upward doming 
of the sediments. 




Salt is believed to exist in practically all domes of this sub- 
class. The salt consists of 98 to 99 per cent, sodium chloride, 
except at Belle Isle, La., where it is saturated with oil. Galenite 
and sphalerite arc also found at Belle Isle in a well drilled on 
the center of the dome; and at Sulphur, La., a large dome of 
rock sulphur has been found, in place of the salt which might be 
expected. Borings made for oil and sulphur at Belle Isle have 
revealed limestone, sulphur and escaping waters charged with 
hydrogen sulphide and sulphur dioxide, but the oil From these 
wells gives no indication of sulphur. This oil has a paraffin 
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base, is 45" B4. in gravity, and is somewhat lighter in color than 
Pennsylvania petrobum.' 

Although the oil seems to occur on the saline-domes and to 
accord with the anticlinal theory, it must be acknowledged that 
it is frequently found around the base of a dome and that there 
J no certainty where the oil originated. Attempts to discover 
' its source by deep drilling have generally been abandoned, owing 
to the great depth of well necessary. Since the question of the 
origin and mode of accumulation of the oil in the domes is 
intimately concerned with the origin of the domes themselves, 
even the geolt^sts who are most familiar with these structures 
eeem to have abandoned any systematic attempt to explain 
them. Some persons who are familiar with the Louisiana struc- 
tures believe that the saline-domes are simply the results of crys- 
tallization of the salt on a large scale along lines of weakness in 
the strata, presumed to be the crossing points of faults. Others 
believe that the salt and other minerals have been deposited 
' hy circulating currents of hot water. Still others suppose that 
the domes overlie large masses of igneous rock similar to the 
basalt domes of Mexico, but which have not reached the surface. 
An ingenious European theory is that the domes of Germany, 
Transylvania and Rumania have been caused by the lateral 
Sowing of beds of salt into the domes owing to pressure in the 
overlying and underlying strata. So many theories, all with 
their advocates and all accompanied by equally good arguments, 
go a long way to support the view that all material theories must 
in time give way to something better than material. 

Subclass II (c). Volcanic Neck Type.— The Coastal Plain of 
Mexico contains oil fields connected with several types of geologic 
structure, of which one at least is quaquaversal. This type 
consists of neckw of basalt and simUar rocks which rise through the 
Cretaceous and Tertiary sediments in the Coastal Plain, to ele- 
LTations of several hundred feet. "While little drilling has as yet 
^'been done in the vicinity of the necks, and the geologic structure 
is therefore somewhat speculative, the general cross-section is 
presumed to be somewhat as in Fig. 9, although recent investi- 
gations have indicated that the walls of the basalt are much 
Bfeeper than shown and even re-entrant. In close proximity the 
formations have been domed upward, forming pockets or places 
of change in dip at the base of the upheavals and surrounding 
' Bull. No. 7, Otjol. Survcv of La., 1908. 
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them, where large depoeits of oil have accumulated. In the 
Tamasopo limestone and San Felipe beds, these oD deposits were 
presumably concentrated from surrounding portions of the same 
strata, owing to the upheavals mentioned, possibly with the 
assistance of heat. The presence of the oil accumulations sur- 
rounding the necks are sometimes, although not always, evinced 
by large seepages of oil in the immediate vicinity. 

The superficial deposits of Mexico are so deep that, whether or 
not the limestone beds actually reach the surface of the Coastal 
Plain is sometimes a matter of conjectiu*; but at any rate the 
underlying beds are domed upward by the intrusions, and it is 
a fact that pockets of oil generally exist there. It would appear 




Fio. 9. — Hypothetical oross-section of a volcanic neck in the Coastnl 
Plain ot Mexico, showing the occurrence of petroleum Recording to Subclaas 

that large deposits of oU might be expected in the vicinity of 
such intrusive masses in all cases where porous sands exist 
overlaid by a suitable cover to prevent the escape of oil. Where 
the impervious covering or cap-rock is unusually massive or 
thick, without fractures, seepages may not exist, although they 
do exist in the vicinity of most of the necks, generally not far 
from their base. Seepages also exist along the sides of dikes 
which radiate from the volcanic necks; and one case was seen 
where aephaltic oil was flowing down the sides of a cone from a 
breccia included in the basalt 50 to 60 ft. above the surrounding 
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plain. It is supposed that this oil entered the basalt through 
fissures, which extend into the neck from the oil sand, and that 
the existeace and consequent escape of the oil through the basalt 
was caused by the great pressure under which it exists in the 
sand. 

The volcanic necks of olivine-basalt are scattered at wide 
intervals throughout the Gulf Coastal Plain of Mexico. The 
greatest center of volcanic activity in the Mexican Coastal 
Plain was the Otontepec and Tantima range of mountains, 
several thousand feet in height, in the State of Vera Cruz. The 
volcanic activity seems to have become less at increasing dis- 
tances from these mountains and had practically disappeared be- 
fore reaching the Rio Grande River. The majority of the 
volcanic necks are only a few hundred feet in height, and some 
of them less than 100 ft., so that many such necks presumably 
exist which never reached the surface. 

While the largest seepages in Mexico are within a few miles 
of the Otontepec Mountains, seepages are also found in Amatlan, 
Tancoco, Tepezintla, Chapapote, Juan Casiano, Cerro Azul, 
and many other localities. Many of these seepages are asso- 
ciated with volcanic rocks. The geologic relations of the 
necks make it certain that they are of more recent origin than 
the Coastal Plain sediments, although very often no disturbance 
of the strata can be discovered surrounding them. In the 
vicinity of the Otontepec Mountains, however, there are great 
uplifts which bring the sedimentary rocks many hundred feet 
above sea level, and in them numerous dikes and intrusive beds 
of igneous rock have been seen. The most important point 
is that numerous seepages encircle the conical basalt hills. 

Lest it should be supposed that the volcanic neck form of 
structure is given undue prominence in Mexican occurrences, it 
may be well to mention that this is described simply as the 
principal gua^iaveTsal Ivpe noticed by the author among several 
other Mexican types of structure. OU fields also exist in Mexico 
along dikes and faults, on anticlines and probably on other kinds 
of domes than the one described. 

Subclass II (d). Perforated Domes. — In Transylvania and 
Rumania the saline dome type of structure has frequently 
reached an exaggerated phase, owing to the facts that the dome- 
ehaped salt masses have reached the surface of the earth and 
that the surrounding strata have been compressed outward 
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to Buch an extent that they stand vertical or even overturned 
in a circle surrounding the dome. In Rumania large oil fields 
are found in such structures, which are known to European 
geologists as "domes penetr6," or perforated domes. While 
this type of oil-bearing structure may exist in America, it is not 
known to the author. It is true that in New Brunswick certain 
gypsum deposits appear to be of similar structure and probable 
origin, but they are not supposed to contain oil on account of 
the greater age and metamorphism of the desposits. 

An evidence that interruption in structure is the concentrating 
factor comes from the Louisiana and Texas fields, where hun- 
dreds of wells have been drilled at a distance from the saline 




domes, with a result that no oil was found. In this class of fields, 
as in the monocUnal and anticlinal types, the evidence seems to 
be that the oil has been widely disseminated in the porous strata 
and that it has ultimately been accumulated at favorable points 
where the regularity of the dip has been locally changed, or 
where it is interrupted by water, gas, dikes, faults, or by pinching 
out of strata. 

Class m. In Joint Cracks. — ^There are a few fields in which oil 
occurs in the joint and cleavage 6s5Ures in shale. This is true, 
for instance, in the Florence field of Colorado, where, as stated by- 
Campbell,' even' at depths as great as 1,000 ft., the drill has some- 
times struck cavities which contain oil; and the lines of the 
best wells are parallel to the joint crack systems. Such an 
occurrence of oil is unusual, but it is probable that many small 

' Op. cit., p. 86. 
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pools throughout the world, and some which appear to bear no 
deSnite relations to geologic structure, are in reahty situated 
aloDg joint cracks. In the Florence field the oil appears to be 
held in fissures of a broad syncline in shale. 

Petroleum and solid bitumen have been noticed by various 
observers in traps, basalts, and other igneoua rocks. An inter- 
eeting instance was mentioned by Logan^ in a greenstone dike 
at Tar Point, Gaspe, in the Province of Quebec. Another 
instance is reported by Rateau in trachite in Galicia,' and one 
in the United States, mentioned by Lakes,* is a volcanic dike 
in Archeluta County, Colorado. 

Another unpublished occurrence, contributed by David T. 
Day, of oil in. igneous rock, refers to a boulder of vesicular 
basalt from Colorado, in which the vesicles were filled with oil; 
the latter had been sealed in by n secondary deposit of calcium 
carbonate, and, liy removing this, it could all be extracted, and 
the basalt left intact. Thus the external origin of oil was deemed 
probable. 

In the vicinity of Binny Craig, Scotland, a. volcanic neck or 
pipe was encountered in an oil-sbale working. This dike con- 
" its of trap, and contains cavities in which mineral wax, pitch 
paraffin was found.* 

These instances are not, however, in the opinion of the author, 
due necessarily to the oil having had an igneous origin, but may 
be equally well accounted for by the fact that the volcanic rock 
was intruded from below into the sedimentary formations which 
contained the oil, and consequently the volcanic rock may have 
absorbed large quantities of bitumen in ascending to the surface. 
Moreover, in an instance like that in Mexico there are a great 
many crevices in the volcanic necks, and these are sufficient to 
allow oil to enter them from the surrounding Tertiary and 
Cretaceous formations, and thence a.scend to the surface. 

Class IV. Sealed Faults. — The known examples of this class 
consist of Bonie of the pools in the I>08 Angeles field and some of 
those in the Lompoc field in California, described by Arnold.' 
In these cases the highly inclined oil-sands are cut off abruptly 

'8is William Looan, "Geology of Canada," 1863, pp. 400-789. 

' Ann. Mint*, (8), 11, 150, 152. 

* .ARTHtTR La&es, "Mineral ReaourceH of the U. S.," 1901, p. 561. 

* Hesby M. Cadell, "Oil-ahaJe Fields of the Lothians," Trans, Imt, 
Min. Ejig., 32, pt. 3, 347-353. 

* Ralph Ahnolo, Bull 309, U. S. Oeot. Survey, 1907. 
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' below ground by a fault, thus sealing in the oil and gaa and pre- 
venting their escape to the surface. To explain the probability 
that such occurrences are more frequent than is known, it may 
be worth while to mention the fact that oil springs frequently 
occur along fault lines. Some of these instances exist in British 
Columbia and others in Gasi>^, Quebec. The type is illustrated 
in Fig. 11, Several of the Oklahoma oil pools have recently 
been discovered to be associated with faults, but seepages do 
not exist along them. 

Class V. Sealed-in by Asphaldc Deposits. — Known examples 
of this class, like the last, are few, but they may be perhaps exem- 
plified by the Pitch Lake of Trinidad, near which oil is known to 
exist. Some of the oil found near the vein of grahamite at 
Ritchie mines, West Virginia, described by White,' may belong 
in this class, although these deposits are also dependent in their 
original accumulation upon anticlinal and synclinal structure, 
as in subclass I (&). 

The source of the grahamite dike in Ritchie County, West 
Virginia, is believed to have been the Cairo oil-sand, at a depth . 
of about 1,300 ft. from the surface; and there is no doubt that, 
now or at an earlier period, a portion of the oil was prevented 
from escaping by the grahamite. 

Similarly, the source of the albertite dike in Albert County, 
New Brunswick, is believed to have been oil intruded from 
petroliferous strata in the Albert shales.' The albertite is an 
oxygenated hydrocarbon filling a large vertical fissure in a fine- 
grained shale of lower Carboniferous or Devonian age. The 
albertite fissure was as much as 17 ft. wide in some places and 
was mined to a depth of 1,300 ft. It also fills many branch veins 
in the wall rock. 

The uintaite (gilsonite) of Utah has been shown by Eldridgc 
to occupy a fractured zone in the central Uinta synclinal basin. 
There are many parallel vertical veins of gilsonite from 3^a in. 
to 18 ft. in width, and from a few himdred yards to 8 or 10 miles 
in length, paralleling the mountains which border the basin. 

To illustrate the importance of bitumen dikes in indicating 
petroleum and gas, it may be said that the grahamite dike of 
West Virginia is in the center of one of the greatest oil and 
gas regions in the world; that the albertite of New Bruns- 

' r. C. White, Bull. Geol. Soe. Am., 10 (1899), 277-284. 

• BjULEy, Geol. Survey Canada, 1876-77, 354 «i seq. 
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wick is only a few miles from the Stony Creek oil and gas field; 
that the iiintaite dikes of Utah lead, in a general direction, to- 
ward oil which is found over the boundary in Colorado; and that 
oil fields are now being developed on the Island of Trinidad, on 
which the Pitch Lake is situated. 

Class VI. Contact of Sedimentaries with Crystalline Rocks. — 
Aside from the occurrences of subclass II (c), there are no known 
occurrences of oil according to this type; but gas does exist in 
this way in the Provinces of Quebec and Ontario and in north- 
em New York State, and oil presumably does in some locality. 
The gas is contained in the lower or arkoae zone of the Potsdam 
sandstone, resting directly upon the underlying granite or 
gneiss. The deposits aecm, so far as the author has been able 
to learn from men who know the fields, to occur on top of bm'ied 
granitic knobs, 

Features Common to All Types of Geological Structure. — 
Although there seems to be quite a discrepancy between oil fields 
of different subclasses, they are all similar in certain respects. 
In the first place, in order to hold the oil, the structures must 
combine several factors necessary in every oil field, viz.: (1) 
a porous or open reservoir; (2) a relatively impervious cover; and 
(3) some sort of geological structure by which the oil, gas and 
water may have been separated from each other and the oil 
concentrated in one locality. In anticlinal, synclinal and dome- 
shaped fields the structure or folding of the beds has acted as 
the third factor; hence we should expect to find gas nearest 
the crest of the anticline or dome, water farthest down dip and 
oil between, frequently at the locality of greatest change in 
dip. 

In a scientific study of any oil field, for the purpose of deter- 
mining its possibilities, it is necessary for the expert to dis- 
tingubh the features in common with other fields from those in 
which the fields differ; and by a process of comparison and 
inference, based on the detailed observations and calculations, 
to draw his conclusions as to whether or not the locality is 
favorable for petroleum. 




TBS DISTRIBUTION OF PETROLEUM IN THE UNITED 
STATES 

The General Distribution of Petroleum. — It is usual to group 
the oil pools of the United States in certain fiekla. The im- 
portant of these are the Appalachian, Lima-Indiana, Illinois, 
Mid-Continent, Gulf Coaet, California, Colorado, and "Wyoming. 
In addition, small areas liave been developed or prosi>ected in 
Michigan, Utah, Missouri, Arizona, New Mexico, Alaska, etc' 

Such grouping not only represents the geographic arrangement 
convenient with regard to the accessitiility of the fields to the 
markets, but also indicates certain more or less fundamental 
characteristics of the petroleums and their consequent adapt- 
ability to refining methods.^ 

Appalachian Field. — This field covers a very large area, but is 
no longer the most important, as it supplies but little over 10 
per cent, of the country's production. It embraces all oil pools 
east, of central Ohio, including those of New York, Pennsylvania, 
West Virginia, aoutbeastern Ohio, Kentucky, and Tennessee. 
Nearly all of this petroleum is classed as of Pennsylvania grade, 
with the exception of some of the oil from Kentucky and from 
a few isolated pools in other states. The region in general 
represents the oldest oil field of the United States. Most of the 
pools have long since passed their prime, and in New York and 
Pennsylvania production is kept alive chiefly by cleaning and 
deepening old wells or by obtaining oil from shallow sands which 
were passed by as too small when the wells were first drilled. 
Nevertbeless, no pool has been entirely abandoned as exhausted, 
and wells are still being pumped within a few yards of the original 
Drake well at Titusville, Pa. In West Virginia and on the 
eastern edge of Ohio are many pools long since on the wane, but 
the extension of territory and the discoveiy of new pools is still 
in actual progress in West Virginia, central Ohio, and Kentucky. 



' For a consirleration of the petroleum 
aee Arnold, Earn. Geol., Dec., 1816. 
» See p. 447 el seg. 
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Prospecting is still active in Tennessee, but so far without 
definitive results. 

The petroliferous rocks, which range from Ordoviciaii to 
Carboniferous in age, are chiefly sandstones, with a few lime- 
stones, embedded in and underlain by a great thickness of 
shales, while below these are probably limestone beds. The oil- 
bearing rocks occupy the bottom and west side of a great struc- 
tural trough, within which are a number of subordinate folds. 
The sands range in depth from 100 to 4,000 ft. 

The petroleums obtained from the Appalachian field have been 
of high grade, free from objectionable sulphur and from asphalt, 
but rich in paraffin wax. They are simplest in comijosition and 
are capable of yielding products of the highest grade at a mini- 
mum refining cost. The Kentucky and Tennessee oils are inferior 
to those of Pennsylvania. 

Lima-Indiana Field. — The petroleum in this field was found 
in Trenton limestone. It contains little asphalt, but is con- 
taminated with sulphur compounds and requires special treat- 
ment.* Once freed from the objectionable sulphur compounds, 
the products are of high grade. The output declined in this 
field continuously from 1904 to 1914.* In 1911 oil was found in 
the Trenton limestone at a depth of about 1,000 ft. below the 
previous pools, 

Illinois Field. — This field has declined since 1910. This does 
not presage exhaustion, but rather what may be regarded as 
settled production for a long time, unless the production should 
be increased by the discovery of new oil pools. The main por- 
tion of the field is associated with a structural feature known as 
the La Salle anticline, extending from the northeastern part of 
the State into southwestern Indiana. The petroleum is tliick, 
asphaltic, and contains sulphur in the northern portion; but in the 
southern part of the field it is found at a greater depth (2,200-|- 
ft.), is thinner, and contains little or no sulphur. Most of the 
Illinois oils can be refined without the employment of any special 
process, but only with great care and with small yields of certain 
of the more valuable products. The oil sands are of Carbonif- 
erous age. 

Mid-Continent Field. — This field includes the oil pools of 
Kansas, Oklahoma, Caddo and De Soto, La., and northern 

■ See pp. 609 and 611. 

■ See p. 256. 
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Texas. The petroleums of Kansas and Oklahoma are in general 
found in Carboniferoiis sandatonea, while those of northern 
Texas and Louisiana occur in Cretaceous formations. Petro- 
leums of this field vary in composition within wide limits. Most 
of the Kansas oils are asphaltic, but in Oklahoma petroleums of 
both paraffin- and asphalt-base are found. The crude petroleum 
of the Healdton field in Oklahoma b of lower grade than the 
crude oils from the Glenn pool and Gushing field, on account of 
the lower gasoUne content and the large percentage of sulphur 
present which is removed with difficulty.' In northern Louisiana 
and Texas, parafEn-base petroleums, free from sulphur, pre- 
dominate, but asphaltic oils of higher gravity have also been 
found. 

Gulf Field. — Within this field are included a number of areas 
lying in the Coastal Plain region, the pools of southern Texas 
and southern Loubiana, The petroleums have been found in 
association with salt domes,' which also carry limestone and 
gypsum. The crude oils possess some of the characteristics of 
the petroleum from Baku : they are usually heavy, asphaltic and 
sulphurous, but occasionally lighter, nonasphaltic ones also occur. 
The total amount of sulphur present in the petroleums of the 
Gulf field is higher than that of the oiLs of the Mid-Continent 
field. The Gulf field oils are even higher in sulphur than those 
of the Lima-Indiana field, though the sulphur can usually be 
more readily removed from the former than from the latter. 

California Field. — This State is now the leading producer, the 
output coming from a number of fields, wliich differ ao that it 
is indeed difficult to generalize regarding them. The California 
petroleums have been usually characterized by much asphalt, 
although in recent years not a few lighter ones have been found. 
They are often in rocks that have been much disturbed.' 

' S«e refining reaulta given on p. 499. Cf, "Conditiona in the Healdton 
Oil Field," Bureau of Corporations, Washington, D, C, 1916, 

' The Himilarity of the petroleum in atl the pools of the Gulf field has been 
ascribed to the foot that it all occurs under esaontially the same oonditions 
in connection with salt domes, which are peculiar to the Gulf region. See 
G. D. Haams, ScitTice, N. S., 27 (1908), 347; BuU, La. Geol. Survey, No. 
7, pp. 5-59, 190B; ibid., pp, 59-83; Earn. Geol, i (1909), 12. 

' On anticlinal dome structure in Cahfomia oil fields, see Haqer, Weelern 
Eng., 3 (1013), 196. On the oil geolf^y of Califoraia, see especially BmU. 
No. 69 of the California Slate Mining Bureau, 1914. 
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The following table gives a summary of the occurrences of 
petroleum in the principal fields.' 



Field 


Structure ' Geologic ago 


Kind of rock 




AppalachiaD. 


Geo-eyncline 
with subordi- 
nate anti- 
clines. 


Ordovician to 
Carbonifer- 
ous. 


Mostly sand- 
stone. 


Parafiin-base> 


Lima-Indiana 


AnticlineB. 




Mostly limc- 

Htone. 


Paraflin-base. 


Illinois. 


Low anti- 
clines (7). 


Carbooifer- 


Sandstones, 


ParafUn-base and 
paraffin-asphalt 
base-' 


Michigan. 


Probably an- 
ticlines. 


SiluriBD. 


Sandstones. 


Paraffin-base. 


Mid-Conti- 
nent. 


Westerly dip 
witii some 
Bnticliaes. 


Carbonifor- 


Shales, sand- 
stones, 
mostly 


Pa ra ffin-, asph al t-, 
and. paraffin-as- 
phalt Lase. 


Wyoming. 


Usually 
folded. 


Carbonifer- 
ous to Terti- 
ary. 


Mostly sand- 
stone 


Paraffin- and as- 
pfaalt-baae. 


Ckilorado. 


Folded. 


Cretaceous. 


Sandstone 
and shale. 


Paraffin-base. 


Gulf Coast. 


Domes. 


Tertiary and 
Cretaceous. 


Dolomite and 
windslone. 


base. 


California. 


Folded and 
faulted. 


Tertiary. 


Sandal ones, 
shales, and 
conglomer- 
ates. 


base. 


Alaska. 


Folded and 

faulted. 


Jurosaio to 
Tertiary. 


Sandstones 
and shales. 





RjES and Watson's Engineering Geologj'," 1914, p. 570; i 
RiEs "Economic Geology," 3d ed., p. 68 ei wg. 
' On pariiffin-base pelroloiinis, see pp. 447 and 456. 
' On petroleums of paraffin-asphalt base, see p. 447. 
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The production of the various fields follows. 



Tabui V. — QCANTiTT, Total Valce, and ATEEtAOB Pricb feb Bari 
Receit£D at Wells fob Pbtbolbdu Pboduced ih the Umted 
States in 1912, 1913 and 1914, bt Fields, in Babbbu.' 





1912 


loia 


FMd 


Quuitily 


ValiiB 




Quuititjr 


Vmlu. 






2S,33S.Sie 
<> 4,925,908 

etl.473.345 

8.546.018 

b 87,272,593 

1,778,358 


•42,818.384 
a 4,794.783 

45.300.669 

8,344.173 

h 39.624,501 

998.131 


11.828 
0.932 

0.742 
0.454 

0.B6I 


25,921,785 
4,773,138 

23,803,890 

S4 .020, 225 
8,542,494 

07,788,828 

a,505,321 
c 10,843 


•63,708,081 
8,583,068 
30.971,910 

7!993!997 
45,709,400 

1,362.011 
B 19.285 


■2.45S 

1.380 


Mtd-CoDtinent 


0.951 






Colerulo mud Wy- 




















222,035,044 


■164.213,247 


10.737 


248,448,230 


■237.12I.3SS 









e Inoludw Alulu, Mli.t.lg.n, MiMOuri, and 



Fiald 


lOU 


QuMtity 


VJUB 


''^^X^T 




24,101,048 

5,062,543 
21,919,749 
97,995,400 
13,117,528 
99,775,327 

3,783,148 
7,792 


«5,239,201 

5,983,356 
25,426,179 
78,671,902 

8,844,104 
48,066,096 

1,880,086 
14,291 








niinois 


1 160 






Golf 


0,674 










Alaaka, Michigan and Miesouri .... 


1.834 


ToU! 


265,762,535 


$214,126,215 


$0,806 







■ Mineral Resources of the United States, 191S, ii, 146; The Mineral 
Indutlry, S3 (1915), 553; Mineral Reaoureea o} the Untied Slaiei, 1914, 
ii,HW. 
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Tao Geographical Distbibution oy Petboleuu in the TJnitxd States 



There is a ahow of oil in wells in the northwestern part of 
Alabama, but there are no producing wells. In the 
Tennessee valley, in the northern part of the State, there 
are tar-springs, oozings, and other indications of the pres- 
ence of petroleum. Two wells were completed in 1912; 
both were dry. There were no drilling operations in 1913. 
In 1914, unsuccessful efforts were made to discover oil 
in Chilton and Jackson counties. 

On oil prospects in Alabama, see F. Btrnb, Ptvc Eng. Asvn, 
South, 21 (1910), 167. On the Fayette gas field, see M. J. 
MUNN, BuU. U. 5. Geol. Survey, No. 471 (1912). 



Petroleum occurs in Alaska at Gape Yakthe; near the mouth of 
Copper River, in the Controller Bay district; on the west 
shore of Cook Inlet; and in the region of Cold Bay. Some 
well drilling has been conducted in the Cook Inlet region; 
both petroleum and gas were found. Three wells were 
drilled in the Cold Bay region in 1903; in one a heavy oil 
was encountered. Wells have also been drilled at Katalla, 
in the Controller Bay district; oil was found in some 
quantity {see Thompson, Min. Set. Prett, IDS (1912), 
169). In 1914, the Katalla field yielded a small output of 
petroleum. 

On the petroleum deposits of Aladca, see A. H. Brooks, Tram. 
Am. iTMt. Min. Eng., aS (1906), 376; BuU. U. S. Geol. 
SuTvey, No. 8M, pp. 172-207 (1910) ; H. HflFEU, PelroUum, 
5 (1910), 741; G. C. Martin, BuU. U. S. Oeol. Survey, No. 
2*5, pp. 365-382 (1904); B^iU. U. S. Geol. Svrvey. No. 300 
(petroleum fields of the Pacific coast of Alaska) ; BuU. U. S. 
Oed. Survey, No. SS9, pp. 128-139 (190fi); W. T. Phossbr, 
Erig. Mtn. /., SI (1911), 1098; Mines and Mineral*, SI 
(1911), 731 {KataUa field); P. C. Stoess, Min. Set. Pre**, 
87 (1903), 65 (Kayak field) ; and Ann. Rtpt. Gov. Alaaka to 
Secy, of Interior, 1908. See especially, however, BuU. 
U. S. Geol. Survey, No. 467 (1911) by W. W. Atwood; 
and Brooks, BuU. Am. Inal. Min. Eng., 1915, No. M, 199. 



Petroleum is said to be found in Mohave County (sandstone 
saturated with petroleum); in traces in water wells at 
Douglas in Cochise; and in the Mammoth District in Pinal. 
One well was completed in 1912; it was a dry hole. A teat 
well was begun in 1914, in Tonto Basin, Gila County. 
Asphalt has been reported to occur on the Great Colorado 
Plateau. 



In four counties in Arkansas five wells were drilled in 1913 in 
search of petroleum, but with no result (dry). Fayetteville, 
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Waahington County, has produced petroleum, which occurs 
in a shale of the Carboniferous limestone series. Asphalt 
is said to occur in Madison nnd Scott counties. Natural 
gas has been obtained in SebastiaJi County since 1902. 
Test wella for pelroleum were begun in 1914, at or near 
Ozark and Meg, Franklin County; Paris, Logan County; 
Hope, Ilempatead County; and De Queen, Sevier County. 

Petroleum is the most important mineral product of Cahtornia, 
the leading State in the 1914 production of oil. The 
principal fields in order of importance are the Midway- 
Sunset, Coalinga, Whittier-Fuilerton, Kern EJver, Lost 
Hills-Belridge, Lompoc-Santa Maria, McEittrick, Los 
Angeles, Ventura Coimty-Newhall, Summerland, and Wat- 
sonville. There are also numerous indications of oil in 
Devils Den, Kreyenhiigea, and Kettleman Hills districts, 
southern San Luis Obispo County; Parkfield and Lone- 
oak districts, and west of Bradley, western Monterey 
County; San Antonio River district, southern Monterey 
County; Sai^ent and Moody Gulch diatricta, Santa Clara 
County; western San Mateo County; Vallecilos district, 
San Benito County; Livermore district, Alamedoi County; 
western Contra Costa County; Colusa County; and in 
southern Humboldt County. The production of the State 
amounted to 99,776,327 bbl. m 1914. 

On the oil prospects of the Cantua-Fanocho region, Cal., see R. 
Andbbson, Buii. V. S. Geol. Sanmy, No. 431, pp. 58-87 
(ISIO). On Kelds, see M. Anoel, lOtk Ann. Rept. Stale 
Mineral. Cat., 1690, 219 (Kern County); ibid., 315 {Mon- 
terey County); ibid., 567 (Sa:i Luia Obispo County); R. 
Aunolo, Buii. U.S.GeoLSurveg, No. M5, pp. 357-61 {1906) 
(Salt Lake field); ibid., No. 309, pp. I3S-19S (1907) (Los 
Angeles district); ibid., No. 331 (1907) (Summerland dis- 
trict); ibid., No. 340, pp. 339-342 (1908) (Miner Ranch 
field); Compt. rend. Cimg.inlentai. PHrok,ie>i. 3, i [1910), 
365 (Santa Maria district) ; C. Barlow, P«lrof. Rev., 6 (1902), 
16 (Kern County fields); and C. T. Dbanb, Pelrol. Rw., 7, 
(1902), 133 and 641. On oil prospects of Ciu-ama Valley, 
Cal, see W. A. Enoush, B««. U. S. Ged. Surveji, No- 
«ai-M. On the McKittriuk field, see W. G. Votog, Ejtg- 
Min. J., 71 (1901), 30; and on the Coahnga field, see ibid., 
403. On petroleum in northern Cal., see A. H, Webbb, 
7th Ann. Rept. Stale Mineral. Cal., 1837, 193. On the 
petroliferous formations of Central Valley, Cal., see W, L. 
Watts, Bull. Cal. SUUe Min. Bur., No. 3, 1894; see also 
Jlfin. Sd. Press, 79 (1890), 144, 172. P. W. Pbotzman 
has discussed "Petroleum in California," in Petrol. Rea., 9 
(1903), 331, 351, 395, 424 and 435; as has E. O'Nbtll in 
Compl. rend. Cong. inlerruU. Chem, appl,, aesa. 5, 3 (1904), 
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760. On California petroleum in 1914, see Rbqda, Eng. 
Min. J., Jan. 16, 1916, 13ft. 
For a full account of the petroleum industry of Gatifomia, see 
BvU. No. 69, Col. SUUe Min. Bur., 1914. On petroleum in 
southern California, see the special bulletin by P. W. 
pRDTKUAN', issued by the same Bureau in 1913. 



The Colorado oil fields are as follows: Boulder County, Boulder 
oil field, 3 miles northeast of Boulder; high^rade light 
illuminating oil. Fremont County, south of Florence; 
field 10-20 sq. miles. Mesa County, small wells near 
De Beque. Routt County, Yampa field; used as lubricant. 
RJD Blanca County, Rangely oil district. Petroleum has 
been found also in Archuleta, Pueblo, Cronley, MoSat 
and Garfield counties. The 'total Colorado production 
amounted to 222,773 bbl. in 1914. 

Oil-shales occur in Delta and Garfield counties; extensively 
developed, geologically, constituting the greater part of the 
rocks of the Green River formation (Eocene). In the 
Book CliSs, the richer rock occurs in bands, about 60 in 
number, from 2 to IS ft. thick. Destructive distillation 
gives from 15 to 35 per cent, of condensed hydrocarbons, 
and 10 to 20 per cent, of gos. These shales are a pro- 
spective source of lubricating oil. On oil-shalea of north- 
western ColoradOfSee WoonRVFFand Day, BvU, U.S.Geol. 
Survey, No. «1, 1914. 

For the histories of the Colorado oil regions, see Lakes, Mine* 
and Minerals, 23 (1903), 399. The geology of the White 
River district is described by F. M. Endlicb in Ann. Repl. 
U. S. Geol. Survey TerrilorieB, 10 (1878), 61-131, wherein, 
on pp. 135-159, is given a catalogue of Colorado minerals. 
On the oil fields of Colorado, see N. M. Fennemak, BvlL 
U. 8. Geol. Survey, No. SIS, pp. 322-32 (1903) (Boulder 
field); ibid., No. 838, pp. 383-91 (1904) (structure of 
Boulder field); ibid.. No. 860, pp. 436-40 (1905) (Florence 
field); H. S. Gai,e, ibid., No. 860 (1908) {Rangely district); 
A, Lakes, Mines and Mineraia, 19, 477; 21, 981; 22, 107 
(proflpccta);Bu«.5cft. Mines Colo.,1 (1901), 221 (geology); 
Mines and Minerals, 32 (1902), 150 (Rio Blanco County); 
MinxTig Sci., 63 (1911), 235, 311 (general), 341 (Boulder 
field), 307 (Florence field); and J. 8. NEWBEKRr, Proe. 
Am. Assn., 87 (1887), 186 (general). 



While bitumen is widely distributed in the amygdaloidal trap 
rooks traversing the Trias of Connecticut at Hartford, 
Farmington, New Britain, Middleton, Meriden, and South- 
bury, and elaterite occurs at Woodbury, petroleum has not 
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been found. See J. G. Pescival, "Report on tlie Geology 
of the State," New Haven, 1843; and Am. J. Sci., (3), 16, 
130 (on "indurated bitumen.") 

The occurrence of bituminous substaiiccB has not been reported. 



None of the bitumin 



13 said that the Eoeene beds of Juliette i: 
are petroliferous. Pockets of gaa of no 
were penetrated in a test well begun during 1914, near 
Kissimmee, Osceola County. 



Petrolcvtm has been reported in the Trenton Limestone of Dal- 
ton, Wiitfield County; also in Floyd County, near Ronie. 
TTiere ia little probability of commercial production. A l«st 
well was begun in 19U near Waycroas, Ware County. 



It has been reported that a fuel oil was found in Neogene laoua- 
trine deposits along the Snake River, near Warm Springs 
Fero'. 

On oil prospects near Payette, Idaho, see C. W. WABHBnsNii, 
Bidl U. S. Gcol. Sumcu, No. 481, pp. 22-55 (1911). 



In the shallow Selds of aoutheastern. Illinois, the Clark, Cumber- 
land, Coles, and'Edgar County fields (shallow oil-sand terri- 
tory) showed n very low but steady yield of oil in 1912 and 
1913. Like the shallow fields, the Crawford County area, 
with ila 900-ft. sands, was rapidly developed and drained, 
and is maintaining a low but steady yield. Lawrence 
County is the rieheat oil-producing area in the Stale. There 
:1s from 450 to 1,985 ft. in depth that produce 
large quantities of high-grade oil. There are at present 36 
producing wells with a daily production of about 700 bbl. 
in Wabaah County. In south-central and western Illinois, 
the Carlyle pool, 3 miles northwest of Carlyle in Clinton 
County, has shown a sfea<ly decline in the past two years. 
The Sandoval pool in Marion County, had, in 1913, 1 12 pro- 
ducing wells. Both the Sandoval and the Carlyle pools 
have been proRtable because of their continued yield. The 
Carlioville pool, 2 miles south of CarlinviUe, in Macoupin 
County, yielded about 200 bbl. per day during 1913. 

In 1913, Illinois produced 23,893,899 bbl. of petroleum; 1,363 
oil wells were drilled in that year. The sharp decline in 
production, beginning in 1912, appears to correspond with 
the decrease in new development in the deep Lawrence 
County pools. The opening of new fields would probably 
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reverse the Bituation. In 1914, the production amounted to 
21,919,746 bbl. valued at 125,426,178. 
The Boutheaatem Illinois oil field has been described by H. F. 
Bain, Mtn. Sd. Prett, 93 (1906), 326; in a later paper Bain 
describes the various Illinois fields (.idem, 98, 153). On the 
petroleum resources of QlinoiB, see R. 3. Blatcblbt, BuU. 
Geot. StiTvey III., No. 16, 1911; Petrol. Rev., 26 (1911), 101; 
Nat. Oat J., 5 (1911), No. 3, 17; and En^. Min. J., «1 
(1911), 92; 9S (1912), 95. On the petroleum industry 
of southeastern Illinois, see BiuiTCHLBr, BuU. Geol. 
Survey 111., No. 2, 1906. For an account of the Cariyle 
field, see E. W. Shaw's report issued by the University of 
Illinois in 1012; and H. A. Wheeler, Eng. Min. J., 9S 
(1911), 63; see Oid., 355, for a description of the various 
fields in tiie State. On Illinois petroleum in 1014, see 
B1.ATCHLET, Enff. Min. J., Jan. 16, 1916, 136. Blatchlet 
has also discussed oil in Bond, Macoupin and Montgomery 
counties, the oil fields of Crawford and Lawrence counties, 
and the Plymouth fields in special reports of the State GeoL 
Survey, Dl., 1914. 

There are producing wells in the following counties: Adams, 
Blackford, Daviess, Delaware, Gibson, Grant, Greene, 
Hamilton, Huntington, Jay, Perry, Pike, Randolph, Sulli- 
van, Vigo, and Wells. The production in 1913 amounted to 
056,065 bb). The petroleum industry of Indiana developed 
rapidly between the yeare 1801 and 1004, but the production 
declined steadily from 190S to 1914, when 1,335,456 bbl. 
were produced. 

On the petroleum fields of Indiana, see Edw. Barrett, Rept. 
Dept. Geol. Nat. Res. Ind., 1914; A. C. Benedict, 17(A 
Ann. Rept. Geo!. Ind., 1882, 306-325; W, S. Blatchlbt, 
Ann. Rept. Ind. Geol. Survey, 31 (1907), 559-593 (Prince- 
ton field); ibid., 30 to 33 (industry); J. Collett, Ann. 
Rept. Geol Survey Ind., 4 (1872), 291-337; ibid., 6 (1874), 
315-382 (KnoJt County); ibid., 8, 8, 10 (1879), 291-522 
(Harrison and Crawford counties); M. N. Elrod and A. C. 
Benedict, Ann. Rept. Geol. Survey Ind., 17 (1862), 192 
(Wabash County); ibid., Ifl (1894), 17 (Cass County); 
M. L. Fuller, BuU. V. S. Geol. Survey, No. 213, pp. 333-335 
(1003) (southwestern Indiana); S, S. Gorbt, Ann. Rept. 
Geol. Survey Ind., 16 (1886), 108; 16 (1889), 165; and C. K. 
MAcrADDBN, Petn^. Rev., 4 (1901), 270, 305, 322 and 345 
(general survey). 

Petroleum has nowhere been discovered in commercial quantity, 
but rather widely disseminated, as shown by traces in wells; 
it has been found near Fort Madison, Lee County, in very 
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small quantity. N&tural \s&a bae beoa found in Dallaa, 
Louisa, Hamilton, Muscatine, Polk, Sao, and Story 
counties. 
On the geology of Polk County, Iowa, Bee H, F. Bain, /fcjrf. 
Iowa Geol. Svrvey, 7 (1897), 263-412; and on the geology 
of Guthrie County, Iowa, see also Bain, Und., 413-4S7. 
On DnJlaa County, Iowa, aoe A. G. Leosabd, Ann. Repl. 
Iowa Geol. Survey, 8 (1898), 51-118, Two reports by 
S. Calvin, in Ann. Rept. Iowa Geol. Suney, 11 (1901), 
9-30; la (1902), 11-27, refer to the oeeurrence of petroleum 



There are producing wells in Allen County (vicinity of Moran 
and Humboldt); Chautauqua County (Sedan, and southern 
part); Miami County (high-grade oil, Paola); Montgomery 
County (Coffeyville, Wayside, and elsewhere in Bolton 
field); Neosho County (Cliatiute); Wilson County (vicin- 
ity of Toronto); and in Franklin and Woodson counties. 
Petroleum occurs in numerous other localities in the State. 
2,375,029 bbl. of petroleum were produced in 1013, and 
3,103,585 bbl. in 1914. 

For the history of Kansas oil development, see L. L, Wrmcs, 
MxTies and MineraU, 33 (1912), 3S4. The oil fields of Ka.a~ 
Baa have been described by E. Albrecht, Petroleum, I 
(1906), 640; P. DouoLAS, Petrol. WorUl, 3 (1906), 105 and 
204; P. DvoRKOViTz, Petrol Rev., 11 (1904), 403. 423, 425, 
443, 444, 463 and 464; E. JIawokth, Proc. Am. Asm., tS 
(1894), 229; Univ. Geol. Survey Kan., 1 (1896), 232; Bng. 
Min. J., 72 (1901), 397; ibid., 74 (1902), 477 (Chanute 
fieldH); ibid., 79 (1905), 42; ibid., 89 (1910), 132; &»d., 
91, 91; ibid., 93 (1912), 95; and Hawohth et al., Kanaoi 
Vnie. Geol. Survey, 9 (1908), pp. 586 (a valuable general 
report). For a general survey, ace W. H. Ueydrick, 
Jlft"rnn0 Mag., 10 (1901), 363-75; and Walker and Bohn- 
btbnoel's "Western Kansas Fuels ; Coal, Oil, Gaa " 
(University of Kansas, 1913). 



Kentucky has the following oil-producing areas: Barren County 
(near Glasgow); Bath County; Breathitt County (Frown 
Creek); Cumberland County (near Burkville); Estill County 
(near Irvine); Floyd County (Right Beaver, Salt Lick, and 
Middle creeks, near Prestonburg) ; Knox County (vicinity of 
Barbourville); Lawrence County (Buaseyville); Logan 
County (Diamond Springe) ; Menifee County; Morgan 
County (Caney and West Liberty); Ohio County (near 
Hartford); Rowan County (Triplet Creek); Wayne County 
(number of wells); Webster County (Lebree); WLitley 
County (near Williamsburg); Wolfe County (near Camp- 
ton), Oil shows reported in Allen, Boyd, Brcckenridge, 



Diolizadbyl^iOOQle 



^^^^^^^^^^TH^MBBICANPET^^UMINDUSTR^^^^^^^^^ 




Caldwell, CarroU, Curler, Chriatian, Clark, Clinton, Harri- 
son, Hart, Jefferson, Johnson, Knott, Lawrence, McLean, 
Magoffin, Martin, Meade, Montgomery, Oldham, Pike, 
Pulaski, Rockcastle, Russell, and Warren counties. 524,568 ' 
bbl. of petroleum wore produced in Kentucky in 1913; it came 
mainly from a considerable number of small wells, most of 

1914 production. J 
On theoil field of Ban«n County, Ky., see M. Fischer, Eng. M in. ■ 
/., «0 (1890), 197; on theoil-sanda of the State, see J. B. Hob- ■ 
ma, Bull. Ky.OeolSuTvey, No. 1, I905;oathegeologyof the I 
lands on Paint Lick Fork of Sandy River in eastern Ken- 1 
tucky, see J. P. Lesley's "Petroleum," Philadelphia, * 
1866 ; and on the east Kentucky oil r^ion, see J. P. Lesley, 1 
Pnic. Am. Pka. Soe.; 10 (1865), 33, 187. On the Camptoa 
and Ivnox pools, see M. J. Mdnn, BuU. U. S. Geol. Swvey, 
No. 471 (1912). On the Ragland oil field, see M. J, Mcnn, 
iWrf,, No. B31 (1913). For a reconnaissance of the oil fields 
of Wayne and McCreary counties, see M. J. Mpnn, ibid., 
No. 679 (1914). For a recent discussion Of oil possibilities 
in Kentucky, see Fobs, Bw«. Am. Intl. Jtfin. Eng., 191B, 
No. 99, 621. 


1 


Petroleum ia produced in Caddo Parish (Caddo field is an im- 
portant producer); Calcasieu Parish (Vintan gushers in 
1911); numerous wells 6 miles northeast of Jennings in 
Quaternary and Miocene beds; Cameron Parish (small 
quantity of oil from wells on Hackberry lalands); Iberia 
Pariah (small quantity in wells at Bayou Bouillon, 30 milea 
nort,heaat of New Iberia); St. Landry Parish; Pine Prairia 
(gusher, 1912); St. Martin Parish (in coarse shallow sands 
at Breaux Bridge, Anse-la-Butte district). In 1913, devel- 
opment occurred near Mansfield in De Soto Parish, 
12,498,828 bbl. of petroleum were produced in the Jennings, 
Welsh. Ans&Ja-Butte, Vinton, and Caddo distriota in 1913, 
when 437 oil wells were drilled in Louisiana. In 1914, 
Louisiana produced 14,309,435 bbl. of petroleum, 

and Greeb, Manuf. Record, l»10j Harris, Pbrrin, and 

HofPER, Bull Geol. Sun-ejf La., No. 8, 1911 (Caddo field); 
G. D, Harris, ffepf. Oeol. Survey La., part vi, pp. 265-75, 
1902; and Bull. U. S. Geol. Survey, No. 439 (1910) (sum- 
mary of occurrences). On the geology, see E. W. Hiloard, 
Am. J. Sci., (2), 47 (1869), 77 aower Louisiana) ; ilrid., 48 
(1869), .^31 (summary of results); and "Supplementary and 

of Ixiuiaiana," New Orleans, 1873. For a recent account 
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No reported 



of bitumen in any of its forma. 



Retinasphalt occurs in the Eocene beds of Cape Sable; no other 
bitumen has been reported. In 1914, near Parsonburg, 
Wicomico County, a well was drilled to a reported depth 
of 500 ft. and abandoned in quicksand. 



No 



reported. 



of any of the forma 'of bitumen have been 



Petroleum occurs near Port Huron, S^inaw, and Allegan. In 
1912, oil was struck in the city of Saginaw; much excite- 
ment resulted, but the subsequent wells were failures. 
There was a slight production in 1913 from the small wells 
in St. Clair County, where, as in Sanilac County, oil and 
gas are yielded by the Devonian. The small production of 
petroleum credited to Michigan in 1014 consisted of natural 
lubricating oil from a few wells near Port Huron. 

On asphalt in Delta County, Mich., see A. C. Lane, ETtg. Min. 
J., 73 (1902), 50; and on prospects for oil in Michigan, 
see Lanb, Ann. Rept. Mich. Geol. Survey, 1001, 211- 
237; Mich. Miner, 9 (1907), Nos. 4 and 5. For a descrip- 
tion of the "Baker Tract," see Winchbu-'s "The Oil 
Region of Michigan," Detroit, 1S64; cf. Winchell'b 
"Geological Report on Certain Oil Lands Lying in the 
Counties of Sanilac and St. Clair, Mich.," Detroit, 1860. 
The occurrence of oil in Michigan is fully considered by 
Smith, Mich. Geol. and Biol. Survey, 1914. 

Temporary discharges of natural gaa have been reported from 
various counties in the State. On natural gas in Minnesota, 
see N. H. Winchbll, Ball. Geol. Survey Minn., 1889, 
No. 11. It has been said that oil is found in the Trenton 
and lower divisions 

Hississ- Petroleum has not been found commercially in this Stat«, al- 
Ippi though tests have been drilled in Covington, Jefferson, and 

Lauderdale counties. 

A small quantity of petroleum occurs in shallow wells in northern 
Cass and southern Jackson counties; it has been obtained 
in Bates County; it waB discovcrDd at shallow depths at 
Swart in Vernon County in 1913; and, in 1913, a shallow 
well was drilled in Adair County which yielded a showing 
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of oil, but no production. Commercial production of 
petroleum was limit«d to Jackeon County in 1914. 
On the geology of northwestern Missouri, eee G. C Bsoadhbas, 
fiept. Geol. Survey. Mo., 1873, pt. ii, 1-213 and 290-402; 
on Jasper County, see ibid., 187S-4, 77-06. Broadbead 
also described the occurrence of bitumen in MisBouri in 
Tratu. Aead. Set. Si. Lonit, 3 (1875), 22Ar-22i,. Oil boring 
in Missouri was described by Robinson in Eng. Min. J., 
4, 297; S, 261 (1868); and Shdmard gave an account of the 
oil springs of Missouri in 7Van«. Aoad. Set. St. Louit, 2, 
(1866), 263. 

Petroleum occurs in eastern Cascade County; in the Porcupine 
Dome, Rosebud County, and in the northwestern part of 
Teton County; there is no production, and only a few teat 
wells have been drilled. Oil-shales of reported commercial 
value occur 60 miles northeast of Helena. Natural gas is 
found near Havre. 

On the probable oil in Montana, see Rowe, Eng. Min. J., Apr. 
10, IfllO, 647; and C. F. Bowek, BuU. U. S. Oeol. Sun^s, 
No. 631P (1915). 

It was reported in 1903 that petroleum occurred in very sm^l 
quantities in Rock and Brown counties. See E. H. Bar- 
BODB, Nebraska Geol. Svrvey, 1, Lincoln, 1903. 

Oil-ahale occurs near Elko on the property of C. A. Catlin, and 
a high-parafiin oil, resembling the distillate thereof, has 
been reported as exuding from Eocene shales, half a mile 
south of Elko. Bitumen is found in the andesit«8 of the 
eastern shore of Lake Tahoc, and asphalt occurs on Trout, 
Pine and Willow creeks in Eureka Coimty. 

See RoBBRT Andebson, Bull. V. S. Oeol. Survey, No. 360, pp. 
283-285 (1909); No. 381, pp. 475-^93 (1910) (on oil pro». 
pects in the Reno Region and in Lyon County); and I. 
MacFarland, Proc. Am. Min. Cong., 13 (1909), 418 (on the 
development ot petroleum in Nevada). 



New 



No reported 



of the forms of bitumen. 



Hew The occurrence of petroleum has not been reported. Bitumen, 

Jersey however, is present in the amygdaloidal intrusivee of the 

Triassic beds of Newark, asphalt occurs in small amounts 
in the "ash-marl" ot Vincent-town, and ozokerite is found 
in the Cretaceous brick-earth of South Amboy. 
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Petroleum occurs near Artesia, Chaves County; south of R&toa, 
Colfac County; at Dayton, Eddy County; in the Seven 
lAkea field, McKinlcy County; and in Bernalillo County. 
Considerable development work haa been done in Eddy 
County. On petroleum near Dayton, N. Mex., see G. B, 
RiCHABDsoN, BuC. U. S. Geot. Survey, No. 641 (1912). 



The productive horizon ia in Upper Devonian sandstones. The 
principal producing fields are Allegany County (Andover, 
Bolivar, Wirt, and other towns) and Cattaraugus County 
(Allegany, CarrolUon, and Olean townships). Erie and 
Steuben counties are minor producers. 948,191 bbl. of 
petroleum were produced in New York in 1913, while tho 
1914 production amounted to 938,974 bbl. 

On petroleum in New York State, see C. A. AsHonnNBH, Trant. 
Am. I-Ml. Min. Erig., 11 (]886), 419; 16 (1888), 906; I. P. 
BiBHOP, Ann. Kept. N. Y. SlaU Afus., 81 (1899), ii, 9-63 
(in western New York); ifriU, S3 (1901), i, R., 105-34 
(in southwestern New York); E. Orton, BvU. N. Y. State 
Mua., 6 (1899), i, appendix i, 395-526; D. A. Van Inqen, 
Bull. N. Y. State Mus., 8 (1896), 558; and H. E. Wriolet, 
Trana. Am. Inst. Min. Eng., 10 (1882), 354 (amount of oil 
remaining). On operations during 1911, see D. H. Nbw- 
LANo, Bull. N. Y. Stale Miut., 181, (1912). 



Beds of a petroliferous character occur at several horizons in 
basins containing coal beds, of Mesozoic and probably 
Triassic age. These basins are the Dan River area, on the 
Virginia and North Carolina border, and the Oxford- Wades- 
borough field, obliquely traversing almost the entire width 
of North Carolina. The deposits of petroleum are worthy 
of no attention at present. 



Natural gas has been obtained from Cretaceous rocks in Botti- 
neau and Ijamoure counties, but no petroleum has been 
! reported. See A. G, Leonard, BuU. U. S. Geol. Sunej/, No. 

481, pp. 7-10 (1011). In 1914, a deep tost near Gettys- 
burg, Potter County, proved barren of oil or gas. 



There arc three important fields: the Lima, or northweat«m, the 
central, and the southeastern. Large production from 
Allen, Auglaize, Hancock, Lucas, Mercer, Ottawa, San- 
dusky, Seneca, Van Wert, and Wyandot counties of tha 
northwestern field. Athens, Coshocton, Fairfield, Holmes, 
Knox, Lorain, Muskingum, Perry, and Vinton counties of 
the central field contain producing wells. Large production 
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from wells in the soulheaatem field in Aahland, Belmont, 
Carroll, Columbiana, Guernsey, HarriBoD, Rocking, Jack- 
aon, Jefferson, Licking, Monroe, Morgan, Noble, and Wash* 
ington counties. The production of petroleum amounted 
to 8,TS1,468 bbl. in 1913, during which yesr 1,246 oil wells 
were drilled in central and soutbeast^rti Ohio, and 873 in the 
Liins district. The 1914 production was 8,536,352 bbl. 
r an early deaaription of the oil regions of Ohio, see J. H. A. 
Bone's "Petroleum aud Petroleum Wells," New York, 
1666. On the fields, see especially the following reports by 
J. A. Bownocker: Ohio Nal., 1 {1901}, 49 (Coming field); 
/. Geol, 10 (1902), 822 (oil-producing rocks); BvJl. Oeot. 
Survey Ohio, No. 1, 1003 (occurrence) t iWrf., (4), No. 12, 
1010 (Bremen field); and Bcon. Geol, 6 (1911), 37 (Clinton 
sand as a source). See also J. S. Nbwberrt, Ohio Agrie. 
Repl.. 1869, 605 (rock oila of Ohio); Con. Nat., 6 (I860), 
325 (oil wells of Mecca); and Replt. Ged. Survey Ohio, 
vols, 1-S, 1873, 1874, 1878. On the geology, see E, Ohton, 
Ptoc. Am. Assn., 30 (1881), 167 (Berea Grit); ibid., 3S 
(1885), 397 (horizons); and tWd., S4 (1886), 202 (sources). 
On thn structure of the Berea oil sand, see D. D. Condit, 
BulU. 621-N and 621-0, V. S. Geol. Survey. 

t The moat productive area/3 are in northeastern Oklahoma at or 
near Bartlesville, Copan, Dewey, Glenn Pool, Hamilton, 
Ilenryetta, Rainona, Red Fork, Skiatook, Tamsha, and 
Tvilsa. Important producers are at Coodys BluS-Alluwe 
field; Carter County (Healdton and Wheeler); Marshall 
County (Mahill); Osage County (Hominy); Muskogee 
County (Muskogee); Pawnee County (Cleveland). Small 
quantity is found In Comanche County (at Lawton); 
Creed County (near Mounds); Greer County (Granite); 
Kiowa County (Goteho); Mayes County (spring near 
Adair). 63,579,384 bbl. of petroleum were produced 
in the State in 1913. 6,965 oil wells were drilled during 
that year, which wua marked by the development in the 
Cushing pool and the opening up of the Healdton field. In 
1914, 73,631,724 bbl, constituted the production, 
r an account of the oil development in nortliceatral Oklahoma, 
see R. H. Wood, Bull U. S. Geol. Survey, No. 631 (1913); and 
L. C. Snideh's "Petroleum and Natural Gas in Oklahoma," 
1815. On the oil fields of Oklahoma, see C. N. Go0iJ>, 
Bng. Min. J., U (1907), 259; Bull Okta. Geol. Survey, 
No. 1, 1908; L. L. HoTtHisoK, Bull Okia. Ge<A. Survey, 
No. a, 1911; J. A, Tapp and W. J. Reed, BuU. U. S.Geol. 
Survey, No. 381, pp. 504-13 (1910) (MadiU oil pool); 
L L. Wi-mcH, Afinet and MineraU, 38 (1911), 291; and 
E. G. WoooaoFF, Science, N. S., 23 (1906), 621 (region 
around Cleveland, Pawnee County). On the Grand- 
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fielii tlietript, see M. J. Munn, BuH. U. S. Gad. Survey, 
No. B47 (19!4); and on the Glenn Pool, hob C. D. Smith, 
idem, No. fill (1912). The Cuahing 'field has been con- 
Btderod fully by Bcttram in Buli. No. 18, Okla. Geol. 
SuTi'ey, 1914; and the Ponca City field by Ohers in a 
balirlm issued by the Bame Survey in 1912, On the 
Healdton oil field, see Bull. U. S. Geol Survey, No. 631-B 
(1015), 1. For a geolugii'al descTiption of the Healdton 
pool, »oe G4BDNER, Econ. Gtol, 10 (1915), ^2, 

It has been reported that petroleum deposits of considerable 
extent exist in Maheiir and Crook counties; but there has 
been no extensive development. See C. W, Wasbburne, 
Buli. U. S. God. Survey, No. 431, pp. 22-57 (1911); BuH. 
No. 590 (oil prospects of northwestern Oregon); and H. 
M. Parks, Oregon Agr. Coll., ColL BuU., Eirtension Series 5, 
No. 2, 1912 (resources). 

Petroleum is produced in Allegheny, Armstrong, Beaver, Brad- 
ford, Butler, Clarion, .Cra«-ford, Elk, Fayetle, Forest, 
Greene, Lawrence, McKean, Mercer, Tioga, Venango, 
Warren, Washington, and Westmoreland counties. All of 
the different pools have long passed their prime, but they 
differ in their stages of exhaustion. The pools in Venango 
County, in the Bradford Area, include those which origin- 
ated the petroleum industry in the United States. The 
wells in soutLwestem Pennsylvania have been drilled more 
recently. 7,963,282 bbl. of petroleum were produced in 
Pennsylvania in 1913, when 3,420 oil wells were drilled in 
the State. The production increased to 8,170,335 bbl. in 
1914. 

On the oil regions of Pennsylvania, consult the following: 
F, M. L. Gillelkn's "The Oil Regions of Pennsylvania," 
Pittsburgh, 1864; C. A. ABUBirRNen, J. Frank. Imt., 
lOfi (1878), 225 (oil-sands); Trans. Am. Inst. Min. Eng., % 
(1S78), 3ie (Bradforil district); Seamil Geol. Survey Pa., 
B., 1880 (McKean County): J. H. A. Bone's "Petroleum 
and Petroleum Wells," New York, 186E (early account of 
regions); C. Bnrrs, U. S. Geol. Surrey, Fol. 136, IMS 
(Rural Valley), Fid. 172, 1910 (Warren), Fol. 116, 1904 
(Kittanning); M. R. Cami-bell, U. S. Geol. Survey, Fol. 
83, 1903 (I'nioittown), Fol. B4, 1903 (Brownsyilte); J. F. 
Carll, Second Geol. Survey Pa., 1877 (oil-well records); 
ibid., 13-16, 1880-1890 (geology of regions) ;H. M. Chance, 
ibiii.. V, 1879, and W, 1880 (Butler and Clarion counties); 
F. O. Clapp, BiiU. U. S. Geol. Survey, Noa. 386 (362-86) 
and 800; Cone and Johns' "Petrolin," New York, 18T0 
(history); M. L. Fpi,i.eh, Ann. Repl. U. S. Geol. Survey, 
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a, iu, 579 (Gaines field); and M. J. MuNN, U. S. Geol. 
Survey, GetA. Ailaa U. S,, ClaytinUe folio (No. 180), 1913. 

Philip- The existence of petroleum aeeps on Boudoc peninsula, Tayabaa 
pines Province, became known soon after American occupation. 

See Press ButUlin No. 17, Bureau of Science, Government 
of the Philippine Islands; and Richuond, Philip. J. Sci., B 
(1910), 1-7. On the petroleum of Leyte, see Pratt, 
* Philip. J. Sei., lOA (1915), 241; and on petroleum in the 
province of Cebu, see Pratt, idem, 281, On Philippine 
oil possibilities, see Pelrol. Rev., November 27, 1916. 

None of the forma of bitumen haa been found in Rhode Island. 



> of the forms of bitumen haa been 



reported. 



Natural ^as along with a small amount of oil occasionally occun 
in a black shale and aontctimes in a light-colored aandatone 
below, at Ash ton, Spink County ; at Pierre, Heches County; 
and in the eastern part of Sully County. Considerable 
quantities of natural gas are found at Miller, Hand County, 
and at Pierre, Hughes County (used locally); but there is no 
important occurrence of petrojeum. 



I Petroleum occurs in Dickson County (in black ChattaAooga 
I shale on Jones Crock); Oi'erton County (Netherland, Spring 

' Creek, and Eagle Creek); Putnam County (near Algood); 

Scott County (near Glenmary); Fentress and Pickett 
counties (in Spurrier-River ton district); also in Clay, 
Franklin, and other counties. There was no commercial 
production in Tennessee in 1913, although much interest in 
the prospects was manifested around Franklin. In 1914, 
a test was started in Macon County. 
On petroleum in Tennessee, sec G. H, Ashlet, Butt QtoL 
Survey Tenn., No. 2A, 1910; J. B. 'Kiisxbrevi, Agtic 
Reiit. Tenn., 1877, pp. 1-116; Proc. Am. Asm., 36 (1878), 
266 (geology and topography of region); M. J. Munn, BulL 
Tenn. Geol. Surrey, No. S, 1911 (oil developments); A. H. 
Purdue, Rm. of Tenn., Jan., 1916 (Central Basin); J. 
M. Satford, "Geology of Tennessee," Nashville, 1869; 
E. J. ScHMiTz, Eng. Min. J., 61 (1896), 228 (oil boom); 
and A. Winchell, Mining and Manuf. J., Jan. 2, 1867. 
For a consideration of the question, where may oil be found 
in Tennessee, see G. H. Ashley, Tenn. Stale Geol. Sunwy, 
Rewurcet of Tenn., S (1912), No. 7, 262; ibid., 273, M. 3. 
MuNN describes the Spring Creek oil field. 
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Petroleum ia widely distributed Ln Texas, the producing countiei 
being: Clay, Duval, Hardin, Harris, Jefferson, Matagorda, 
MoCuUoch, McMullen, Navarro, Orange, Shackelford, and 
Wichita (especially the Electra field). Oil b known to 
exist in many other counties, but producins wells have 
not yet been brought in; these counties are Brewster, 
Brown, Coleman, Gotiiales, Reeves,' Smith, Walker, 
Wood. The Coastal Plain oils in the countiea of Hardin, 
Harris, Jefferson, and Matagorda are generally of heavier 
gravity than the interior oils, such as in Navarro and 
Wichita counties, although tliore is also a heavy oil in 
Navarro County (Powell field). Lubricating oil in email 
quantities is yielded by some wells in Bexar County, near 
San Antonio, also in Brown and McCuUoch counties. The 
oil from the later fields (Wichita County) is much lighter 
than tie oil from the Coastal Flam; it probably comes 
from an entirely different geologic horizon, the Pennsyl- 
vanian. The Coastal Plain oils are probably from Ter- 
tiary. It ia likely that country south, southwest, and 
west of Wichita County, will be found to be oil-bearing 
in localized anticlines. The total production of petroloum 
in Texas amounted to 15,009,478 bbl. in 1913, when 581 
oil wells were drilled in northern Texas and 325 in coastal 
Texas. In 1914, the total production of the State aggre* 
gated 20,06S,1M bbl. 

On the oil fields of the western interior and northern Texas coal 
measures, see 0. I. Auams, BuU. U. S. Geol. Survey, No. IM 
(1901 ). On the oil resources, see G. A. Burr, Eng. Min. J., 
71 (1901), 687; C. A. Dinsmobe, Mining Wffrld, 83 (1909), 
1118; 33 (1910), 176 (Toyah field); G. D. Harris, SHmce, 
N. S., 13 (1901), 666; R. T. H^L^ Trans. Am. Insl. Min. 
Eng., 33 (1902), 363 (Beaumont field); A. F. Lucas, Compl. 
reiul. Cong, inlernat. Parole, 2 (1910), 341 (r<!aum6 of 
fields); T. D. Miller, Eng. Min. J., 66 (1888), 734; Am. 
Gas LiglU J., B3 (1905), 86; W. B. Puillips, Eng. Min. J., 
93 (1912), 97; and H. V. Waliace, Min. Sd. Press, 103 
(1911), 260 (Trans-Pecos region). For a recent report on 
Texas petroleum Belds, see Hazlett, Eng, Min. J., Jan. 
16, 1916, 137. A "Iteconnaissanco Report on the Geology 
of the Oil and Gas Fields of Wichita and Clay counties, 
Texas," was prepared by J. A. UnncN and D, M. pBiLLrps 
for the University of Texas in 1912. 



There were five productive wells ii 
Uinta County, and three in \ 
close of 1913, No production 
prospecting was carried 



San Juan County, o 
aahington County, a 
vas reported, but mc 

particularly in Uinta 



County. Petroleum has been discovered in five other 
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counties, namely: Emery, Grand, Wayne, Sanpete and 
Summit. 
For the geology of the San Juan oil fidd, see E. G. WooDRorr, 
BuU. U. S. Ge/4. Survey, No. 471 (1912). On oil near 
Green River, Grand County, Utah, see C. T. Lppton, ibid., 
No. 541 (1912). On petroleum in Utah, see G. E. Babbodr, 
Ejis. Min. J., S9 (1910), 88; J. M. Boctwkll, BuU. U. S. 
Geo!. Survej/, No. 360, pp. 468-479 (1905); J. Debn, Mines 
and Minerais, 27 (1907), 250; C. A. Peet, SaU Lake Mm. 
Rev., 11 (1909), No. 18, 10 (on Green River oil fields in 
Wayne County); G. B. Richardson, BuU. U. S. Geol. 
Swiiey, No. 340, pp. 343-347 (1908); A. P. ItoQEBS, Eng. 
Min. J., 87 (1909), 989; A. V. Tatlor, SaU Lake Min. 
Reo., Jan. 15, Ulft; and W. S. Zxhrino, Mining World, 34 
(1911). 596. 

No forma of bitumen have been reported ae occurring in Vermont. 

Beds of petroliferous character occur at several horizons in tho 
coal fields of Virginia, of Mesozoic and probably Triaasio 
age. These deposits are at present insignificant. See 
Korth CarolinB. 

Petroleum has been found ii 
Forks, Clallam County, i 

near Lapush at the mouth of the Solduck River and near 
Taholah. It also occurs at Little Chief Mine in the Moses 
district, Okanog&n County; between Tenino and Grand 
Mound, Thurston County; and at Happy Valley, near 
Fairhaven, Whatcom County. No production has been 
reported for the State, but drilling was in progress near the 
mouth of the Hob River and also near the mouth of the 
Queniult River, in 1914. 
a oU and gaa in the western part of the Olympic Peninsula, 
Wash., see C. T. Lupton, BuU. U. S. GeoL Survey, No. 
681 (1914). 

Test Petroleum is produced in 26 counties of West Virginia, from 

Virginia Harrison County on the east to the western state line and 

from Pennsylvania southwest to Mingo County. The 
production in 1914 amounted to 0,680,033 bbl.; it came 
principally from Brooke, Cabell, Calhoun, Clay, Doddridge, 
Gilmer, Hancock, Harrison, Kanawha, Lewis, Lincoln, 
Marion, Marshall, Monongalia, Ohio, Pleasants, Putnam, 
Ritchie, Roane, Tyler, Wayne. Wetzel, Wirt, and Wood 
counties. I,28fl oil wells were drilled in West Virginia 
during 1913. 
an early account of the oil regions of West Virginia, see 
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J. H. A. Bone's "Petruloum and Petroleum Wells," New 
York, 1866. Oo its oil fields, gee F. W. Brady, Mines and 
MineraU, 38 (1907), 187; 39 (1908), 207; G. P. Gbimslet, 
Repl. Wesl Va. Geol. Sunty. 1907; I. C. White. Am. Geol, 
7 (1892), 302; Nal. G<m J., 6 (1911), No. 9, 19; and R. V. 
Hennbn, "Doddridge and Harrison counties," Wett Va. 
Geol. S-oTvey, 1913. 



I Asphalt occurs in small cavities of the Devonian Limeatone in 
Oak Creek township, Milwaukee, and in Fond du Lac. 
Highly bituminous rock also occurs in layers in the plumb' 
iferous series of like age. No occurrences of petroleum are 
reported in the literature. 

Petroleum is produced in Bighorn County (Byron field); Con- 
verse County (Douglas field; heavy black oaphaltum oil; 
local use); Crook County (Belle Fourche field, 20 milea 
north of Moororoft; local use for fuel and lubrication); 
Fremont County (Dallas field); Wind River Reservation; 
new field begun at Lander (many wells and two kinds of oil); 
Natrona County (Salt Creek field); Powder River field not 
producing; Uinta County (Labarge field, along cast base 
of Labarge Range, from Labarge Creek to South Piney; 
Spring Valley field; numerous small wells from Spring 
Valley, north, 5 milea); Weston County (several wells near 
Newc&atle got small quantity of oil). Johnson and Lincoln 
counties are no longer productive. Wyoming produced 
1,572,306 bbl. of petroleum in 1912, when it entered as a 
serious element in the oil industry; 2,406,522 bbl, were pro- 
duced in 1813; and 3,560,375 bbl. constituted the 1914 
production. 

On the oil fields, see C, E. itMifson, Salt Lake Min. Rev., Jan. 
3D, 1916; A. Lakes, Mines and Minerals, 19 (1898), SO; 
Mining Sci., Apr. 20, 1911; T. T. Read, Bag. Min. J., 77 
(1904), 929; A. R. Schultz, BuU. U. S. Geol. Survey, 
No. 340, 364-73 (1908). On Wyoming oil springs, see 
8. Adohbt, "Report on Wyoming Oil Springs," Omaha, 
1881, 1882; "Annual Report of Territorial Geologist to the 
Governor of Wyoming," Waaliington, IB8S; G. E. Bailey's 
"Petroleum in Wyoming," 1887; N. H. Dabton, Bull. 
U. S. Geol. Sjirney, No, 386 (1906) and No. 364 (1908). 
On the petroleum resources, see It. Dooolab, Petroleum, 
1, (1901), U27, 1184; H. E. Havenor, SaU Lake Min. Rev., 
Jan. 15, 1911 (Byron fields); W. C. HiooiPfs, ibid.. Jan. 
30. 1911 (Spring Valley field). On the Powder River, Wyo., 
oil field, see C. H. Weoemann, Bull U. S. Oeol. Survey, 
No. 471 (1912). On the Douglas field, in Converse County, 
see V. H. Barnbt, idem. No. 641 (1912), wherein D. F. 
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Ubwstt describes the Shosbone Hjver section. On the 
geology of Lincoln County, see A. R. Schclte, idem, No. 
MS (iai4). The Moorcroft field in Crook County b de- 
scribed by Babnet, idem, No. 081 (1914), The Douglas oil 
field in Converse County and the Salt Creek field in Natrona 
County have been considered by C. £. Jakeson in special 
bulUlim issued by the State Geologist's Office, Cheyenne, 
Wyo., in 1912; and the fields in Weston, Niobrara, 
Natrona and lincoln counties by L. W. Trumbull in a 
report issued by the same office in 1913. On oil near 
Basin, Wyo., see Lupton, Bull. U. S. GeoL Surnej/, No. 
6ai-L(1915). 
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CHAPTER IV 

THE PHYSICAL AND CHEMICAL PROPERTIES OF 
PETROLEUM 

The composition of petroleum has been discussed in Chap. 
I. In this chapter there are considered, first, cert^ of the 
physical properties of petroleum, and then the analytical char- 
acteristics of various American petroleums. 

THE PHYSICAL FltOraRTIES OF PBTROLBUIP 
Color. — Crude petroleums are quite variable in character: 
certain descriptions possess a light color (pale yellow to reddish 
brown) and may be very mobile, while others are almost black 
and are viscid. The color of a crude oil is generally taken by 
reflected light, although, where the oil is translucent, the color 

' On the physical properties of petroleum, see A. CalmeLi /. PAr., t 
(1909), 242, 258; 10 a910), 2, 21, 37, 51; Enolee, Chem. Ind., 8 (1886), 44; 
St. Claike-Dbviixb, Compt. wwi., 66 (1868), 442; 68 (1869), 349, 486, 686; 
7a (1871), 191; and Thoiias and Watbon, Proc. Irut. Aulomob. Eng., N.S., " 
8(1909), 429. With the exception of the laat-mcntioacd reference, which 
gives the physical properties of some commercial petroU, the papen noted 
arc of a general nature. For a comprehensive review of the physical 
chSira.ct«riatics of various crude oils, see Gonerb, Res. chim. appl., 8, 90. 

For a rather full consideration of distillation, the determination of physical 
constants, and thermochemistry, reference should be had to Tinkleb and 
Chai-lekgkr's "The Chemistry of Petroleum and Its Substitutes," Lon- 
don, 181B, pp. 89, 100, 136, 146, and 292. On relation* among the physical 
conatanta of petroleum diBtillates, see RimiAN and EOLorr, /. Ind, EnQ. 
Chen., 1, 578. 

On the testing of petroleum, sec Aibinmann's "Taschenbuch fUr die Min- 
ersl6l-Industrie," 1806; Enoleh and H&FER'e "Das Erdtil," 1911; HiCK»' 
"Mineral Oil Testinft," 1906; Holde'b " Untersuchung der Minera1f)le 
und Fetic," 3d ed., 1909 (English translation, 191S); Lunoe'b "Technical 
Methods of Chemical Analysis," Eng. trans., 1914, 8, i, 1-67; Rakuzin'h 
"Die Untersuchung des Erdols und seine Produkte," 1906; and Redwood's 
"A Treatise on Petroleum," 3d ed., 1913, 1, 201; 2, 198, 200, 220; 8, 79. 
"ntese treatises should be referred to for full considerations of methods of 
procedure and testing apparatus, and also for discussions of the determina- 
tion of fla^^mint and soltdifying-point and appUcatton of the fire test to 
petroletuB products. 
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by transmitted light is usually recorded also. It is customary in 
the petroleum industry to judge of the color of petroleum and 
its products by examination in a 4-oz. sample bottle, approxi- 
mately Ij-^ in. in diameter and 5,V^ in. in length, and preferably 
with a plane bottom. For the exact determination of color, 
use ia made either of the chromometer or tintometer.' 

Color by Transmitted Light. — While most crude oils are opaque, 
except in very thin layers, when they are brown, many of the 
thinner grades of Pennsylvania oils and oils lately found in 
Alberta vary in color from a pate straw to various shades of 
yellow, red, brown, and deepening shades of brown to black. 

Color by Rejlected Light. — Crude oils have usually a green 
cast by reflected light. Otherwise they vary in color from yellow 
to black— the same as when seen by transmitted light. The 
greenish color by reflected light is an important characteristic 
of crude oils, differing from the bluish fluorescence of refined 
oils. It is frequently a convenient means of distinguishing 
between crude oils and those which have been manufactured. 

Dark crude oils can be deprived of a considerable part of their 
color by filtration through fullers' earth or clay. This is prob- 
ably what has occurred in eart-h where "white" oils are found. 
"White" crude oils are not common in America, although they 
■ sometimes occur. Some "white" crudes have been found in the 
Lo8 Angeles field, California, which bad a specific gravity of 
0.810; some in the Placenta Caflon district, California, which had 
a specific gravity of 0.740j some at Butler, Ohio, with a specific 
gravity of 0.7407. 

Odor.— Petroleums from various regions are so well di&- 
tinguished by odor that it is often possible to determine the 
source of a crude oil in this way. Thus, Peimsylvania petro- 
leums pos.sess a peculiar odor, generally descrilied as "gasoline 
odor;" on the other hand, the crude oils of California, while 
having much less odor, possess an aromatic smell resembling 
that of coal-tar oils. The petroleums of Texas and Russia have 
odors similar to those of the California oils, and an odor rcsem- 

' The LoviBONB tintometer is most in use for Hie determination of (he color 
of lubricating oils. Od thia inatrumcnt, see Lovibokd, J. Soe. Ckem. Ind., 
7 (138S), 424; S (ISQOJ, 10; and 13 (1894), .308. Od the I'hromometors of 
WiiaoN and Stammer, see Redwood's "Petroleum," 3d ed., S, 214; and 
LnNQB'a "Technical Methods of Chemical .Analysis," Eiig. trans., 1914, 3, 
part 1, 23 and 90. On the Heluog petroleum colorimeter, see Uiibelohdb, 
PetTohum, 10 (1915), 725. 
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bling that of oil of cedar may be easily detected in the crude oil 
from the Etist Indies. Very often these characteriatic odors are 
masked by the disagreeable smell of hydrogen sulphide; then, 
too, other oi^anic sulphur compounds impart a peculiar dis- 
agreeable character to the odoi-s of much of the petroleum from 
Ontario, which, in this respect, is like the crude oils of Indiana 
and Ohio, 

In order to determine the characteristic odor of petroleum, 
two samples should be prepared in oil bottles, carefully stoppered 
and half-fiUed with the oil. The petroleum is shaken vigorously, 
so as to impart its odor to the air above the oil in the bottle, and, 
if this resembles the odor of hydrogen sulphide, 5 c.c. of a fairly 
strong solution of potassium hydroxide should be added and the 
oil then shaken until the odor of hydrogen sulphide disappears. 
In the case of a number of the crude oils from California, agita- 
tion with potassium hydroxide solution will give rise to an odor 
of pyridine. In tlie second sample, the odor should be noted 
after similar treatment with 5 c.c. of dilute sulphuric acid. 

Specific Grarity.'^In general it may be said that all varieties 
of petroleum are lightci' than water, except when contaminated 
with finely divided niiuerul matter. Petroleum lighter than 0.780 
is rarely found, and the specific gravity ranges commonly between 
0.850 and 0,940. Crude oils become denser on exposure to air. 

The specific gravity of American petroleums varies from 0.7684 
to 0.9060, the reported determinations according to states pre- 
senting the following ranges: California, 0.8875-0.9745; Colorado, 
0.8092-0.8997; Illinois, 0.8260-0.9236; Indiana, 0.8500-0.9371; 
Kansa.'?, 0.8350-0.8895; Kentucky, 0.8083-0.9021; Louisiana, 
0.8065-0.9669; Michigan, 0.8065-0.8333; New Mexico, 0.8951- 
0.9180; Ohio, 0.7739-0.8.500; Oklahoma, 0.7887-0.8844; Pennsyl- 
vania, 0.7901-0.8861; Texas, 0.8065-0.9708; Utah, 0.8202- 
0.9511; West Virginia, 0.7684-0.8895; and Wyoming, 0.7821- 
0.9960. A Mexican crude oil having a specific gravity of 1,06 
has been mentioned in the literature. The specific gravity of 
Galician petroleum varies from 0.799 to 0.902;' and the petroleum 
of the Baku district has a density ranging from 0,854 to 0,899.' 

1 The determination of the specific gravity of petroleum is described in the 
second section of this chapter (see pp. 124 and 127). 

> Soc Nawhatil, DingUr'g polyl. J., 346 (1883), 423. 

' It may be mentioned here thai a cmde oil possesaing the low specific 
gravity of 0.650 has been found at Kudako, Ruaaia. 
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It has been found that the lighter petroleums usually yield the 
larger proportion of benzine and kerosene; a high specific gravity, 
on the other hand, indicates a notable proportion of high-boiling 
fractions and of asphalt. Mabery and Dunn have shown' 
that Engler's conclusion that the specific gravity of petroleum 
varies inversely with the depth of the well* is not fully supported 
by their study of the sandstone oils of southern Ohio. The 
lightest oil was found in the Berea grit, but this stratum also 
contained the heaviest oil. The petroleum from the 500-ft. 
sand was almost as light (specific gravity, 0.7971) as that from 
the l,50O-ft. sand of the Berea grit (0.7939); but the latter was 
also found to contain the heaviest oil of all the sandstones of 
southern Ohio (0.8274). Probably certain descriptions of crude 
petroleum have been subjected to a process of selective filtra- 
tion through porous strata, whereby they have been deprived 
of some of their original constituents.* 

While the specific gravity gives very little indication as to the 
source of a petroleum, it may serve as a useful guide in the 
classification of crude oils of known origin. It has, in fact, a 
considerable commercial importance for purposes of comparison 
and identification, since the specific gravity constitutes the 
simplest means of controlling deliveries of petroleum. 

The Baum4 Scah. — Hydrometers marked with the empirical 
Baum^ scale, instead of the graduation in units and decimals of 
specific gravity, have been commonly used in the petroleum 
industry from its very inception. Though the Baum^ scale has 
no marked advantage over the rational scale, the refiner has 
adhered to its use through custom. 

1 Am. Chem. J., 18, 224, 

■ American petroleum techDologists incline to the view that the specific 
gravity of oil tUereaaea with the depth. Cf. Rakhzin's conclusions on 
p. 114. 

'See Dat, Proc. Am. Phil. Soc., 36, 112; Science, N.S., 17, 1007; Cong. 
inUmal. pHroU, Paris, WOO, 53; Day and Gilpin, /. Itid. Eng. Cktm., 1 
(1909), 449; Gilpin and Branset, Am. Chem. J., 44, 251; and Gilpin and 
SCHNEEBEROER, ibid., 60, 59. 

On the effect of fullers' earth, unburned kaolin, etc., upon petroleum, see 
UsBBLOHDE and St. Philuppide, PetroUum, 7, 1233; and anon., Chem. 
Techn. Zig., 30, 125. On the physical and chemical action of argillaceous 
earth on petroleum, see Goisblin and Hacdricourt, Petrol. Rev., ST, 151; 
and Mat. grasses, 6, 2815, 2845, and 2882. See also Washbitrne'b paper on 
capillary concentration in BtiU. Am. Imt. Min. Eng., 1914, 2365. 
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TjBLB Vl.— EgurvAtENTS or THE fiADUfi 3CAUB AND SpBCITIC GrAVTPI' 
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All densities taken at temperatures of 60°F and referred to diatilled 
water at 60°F as standard. On equivalents ot the Bauni(5 scale, see also 
N. H. Freeman's "EaumiS and Specific Gravity Tablea," London, WU; and 
Ctrcubu- 6T, Bureau of Standard*, 1916. 
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Antoine Baumfi first published his scale for liquids lighter than 
water about 1768.^ He derived hia values from eolulions of salt 
and water, and, as his methods were what would now be known 
as crude, his errors were so large that an exact duplicate of his 
original solutions is impossible. Since the appearance of this 
first scale there have been some fourteen different scales by 
various authorities, each known as the "Baum^" scale. The 
scale based upon the following formulas is the best and most 
desirable and has been adopted by the Bureau of Standards: 



Degrees Baimi^ = - 



140 



specific gravity ; 



Specific gravity - 



60° 



Table VT, on page 95, shows the specific giavity of the liquid 
and the pounds in a gallon for each degree Baum^, in accord- 
;^nce with the foregoing foimulas. 

Coefficient of Expansion. — While coefficients of expansion do 
not find a place among the generally accepted characteristic 
constants of mineral oils, they are requii-ed for calculating 
specific gravities to different temperatures and for determining 
the expansion space to be allowed in storage vessels and for 
transport.^ 

The expansibility of petroleum may be determined either by 
'taking the specific gravity at successive temperatures or by a 
dilatometric method.* The coefficient of expansion of Pennsyl- 
.vania petroleum ia 0.000840, and that of Russian oil is 0.000817; 
it may be said to decrease as the sjwciiic gravity rises, the ex- 
ceptions which occur being attributable to the chemical nature 

' On the history of hydrometry, see Chem.-Ztg., 3fl (1915), S13 and 985. 

^ On the Bxpanaion of petroleum and un the detenu in at ion of the weights 
and measures of petroleum cargoes, see Davibb' "Petroleum Tables," 5th 
ed., IQ12. 

' See Uouie'b " Untersuchung der Mineralole und Fett«," 1909; Holdb's 
"Examination of Hydrocarbon Gila," 191G. For a full truiitment of the 
coefficient of expansion of petroleum, more particularly in connection with 
the deportment of heavy distillates and roudues from petroleum, see HoLsn, 
Afilf. *:. Uchn. Versuchaansl., 11 (189^), 45. 
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of the oils. The coefficients of expansion of a number of typical 
crude oils are given in Table VII, prepared by Engler.' 

Table VII. — CoEFnciENTa ojf Expansion op VAKiona Ceitde Oils 





1 

1 

1 












ill 










OriBiB 


i 

i 




m 


1 

1 


3 

s 

1 


it 




Is 


i 


i 


1 

jl 


CoMSiHmt of 
































































X 1,000.000.- 








8SS sw 












TtH 


772 792 


7*> 


«ra 




Sp- gT. 
































816 


828J82B|811jSfll]862 


svu 


87^882 


a&5 


"""" 




Wl 


M4 


•" 



U eipitiisioD 
X 100,000 



6S 



Markovnikov and Ogloblin* calculated the coefficient of ex- 
pansion from the specific gravity of the oil — between 0" and 
39.8°C.; the results obtained with a sample of American pe- 
troleum were as follows: 



X 1,000 

Uoder 700 
700-750 
750-800 

800-815 
Above 815 



The early results obtained by St. Claire-Devilled were limited 
to temperatures between 0° and SCC, All researches show that 
the coefficients of expansion of liquids vary as the temperature 
rises;* therefore the formula for solid bodies — viz., V = Vj 
(1 + <U) — serves only to give an approximate result between 
agreed temperatures in conjunction with the specific gravity. 
The results obtained by GintI, as reported by HOfer,* afford 
confirmation to those of Markovnikov and Ogloblin regarding 
the relation between the specific gravity and the coefficient of 
expansion of oils; these are given in Table VIII. 

> Verh, Ver. B^drd. Oewerbft. Preusg., 66 (1887), 643. 
' J. Run. Phyt.-Chem. Soc., 16, 237. 
• Compt. rend., 66, 442; 68, 340, 485, 686. 

< ItANDOLT and BdRKSTEiN, "PbyBikaliscb-Chenuacbe Tabellen," 4th ed., 
341. 

*"DuErd6l," 1SS8. 
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Table VIII. — Relation of Coefficient of Expansion to Sfecific 
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816 
870 
892 
954 
870 
855 
862 
901 
808 
944 
912 
894 
952 
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808 
784 
851 
861 
920 
836 
852 , 
829 
869 
772 
914 
880 
861 
921 
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Rumania (FloiestL2} 




Italy CParma, Nevianode' Roaai) ,. . 
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Bartoli and Stracciati' examined the fractions obtained from 
Pennsylvania crude petroleum, including the saturated hydro- 
carbons from pentane, C«Hii, to hexadecane, GitH|4, and 
obtained the following results: 



Table IX.- 


-COBFFICTBNTS 


OF Expansion of Petboleuu Fractions 


HydrocHboD 


BoiliiK point 


Spedfiopmvity 


p«Bioob«twe«n 0" wd 300* 


C,H., 

1 

C„H„ 


+30° 

! 

+278-282° 


0.64025 

1 
0.82873 


0.0015890 
0.0008045 



While acme preliminary work had been carried out,* no 
thorough investigation had been made of the expansion of 
mineral lubricating oils until elaborate experiments were con- 
ducted by the Charlottenburg Versuchsanstalt. The subject 
is of practical importance in that it faciUtates the estimation of 
the specific gravity at different temperatures, and the comparison 

'Com. chim. ital., 16 (1886), 417. 

^ Albkecbt, Ann.Gewerbe Bauwesen,K,2M; and Veith, "DasErdOluiMl 
seine Verarbeitung," 1892. 
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of the relation between increase of fluidity and increase of 
- volume. The question of fluidity has an important bearing on 
the value of lubricating oils; and the coefficient of expansion, 
besides its interest in this particular, also serves to explain other 
peculiarities observable in mineral oils, particularly the part 
played by solid hydrocarbons. 

Until the Charlottenburg investigation,^ experiments on ex- 
pansion had been based upon the formula V = V (1 + ai + 
W + rf'), the constants, a, b, and c, having different values at 
different temperatures, as shown by Kopp and others. Pre- 
liminary experiments were made to ascertain the relative adr 
vantages of the determination of the coefficient, by weighing a 
constant volume at different temperatures, and by direct measure- 
ment of the increase in volume ; the most suitable form and dimen- 
sions of dilatometers and pyknometers, and the method of apply- 
ing heat so as to produce and maintain a constant and equable 
temperature throughout the oil under test, being also considered. 
The use of a dilatometer with a bulb holding 30 c.c. and a tube 
of a diameter of 1.7 to 1.8 mm., was decided on, the thermometer 
for the experiments being graduated to 1/10°C. This made 
estimation to the fifth decimal place possible. Table X shows 
the effect on the coefficient resulting from error in the dilatometer 
or pyknometer and thermometer. 

Table X. — Eptect o 



InMruDifnt 


C.b,.., 


Diir«r«Dc(. in 

belwRO 
obMrvatiam 


Error of 


ysi 


^.s*S-<r 




'cc 


'C. 


C.C. 


•c. 








10.0 


20 


0.5 





0.00OD2S 






25.0 


20 


0.5 





0,0000010 






24.0 
30,0 


12 
10 


1.0 
1.0 






0.0000030 






30.0 


4 


1.0 





0.0000076 






24.0 


13 • 





O.I 


0.0000056 






1.5 


15 ■ 


Img. 





0.0000600 


Pyknometer 


















1.5 


30 


1 mg. 





0.0000200 



> Sm Holdb, op. cU, 
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The formula used was: 

7, - F + y. [1 + c (f - 20)1 (fi - l)c 

" ni + c((- 20)] ((,-() 

c being the coefficient of expansion of the glass tube, taken as 
= 0.000025, the dilatometer beii^ calibrated at 20''C. This 
resolves into: 

Vi-V r Vi 

'"' h~i ■ FU + c(( - 20)] "^ '^ ' V' 

Of which the divisions 



[1 + c(( - 20)] ""'' V 
may be disregarded in making i,he calcula^ons, bearing in mind 



seventh decimal, and that the omission of j^—. — t-. — ssT^i has the 
[1 +c{i — 20)j 

following effect: 

When ( — 20 = 10, the error is +1 to 2 units in the seventh 
decimal. 

When i — 20 = 20, the error is +3 in the seventh decimal. 

When i — 20 = 40, the error is +6 in the seventh decimal. 

The formula, thus simplified, becomes: 



The results given in the tables prepared by Holde^ show that 
the variations in the expansive properties of mineral lubricating 
oils of different origin are but slight. The rule that increase in 
specific gravity is accompanied by decreased expansion holds 
good in general. The presence of solid hydrocarbons has the 
effect of reducing the specific gravity of the oil,* the coefficient 
of expansion being simultaneously raised. 

The German oils have a comparatively high rate of expansion 
at low temperatures, but do not expand more than the Russian 
oils at a higher temperature (between 30° and 50°C.); whereas 
the coefficient of expansion of the Scottish oils, and such Ameri- 

* Owing, according to Albbecht, to their high rate at expansion on solution 
in liijuici hydrocarbons. 
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can oils as are rich in paraffin, increases with the temperature, 
and exceeds that of the Cicrman and Kussian oils. The thick 
blackish oils of various origins which were examined by Holde 
and his co-workers gave irregular results in the confirmatory 
experiments, the discrepancies being aceoimted for partly by 
the irregular distribution of the sohd particles in suspension, and 
probably also by differences in consistency, especially in the 
case of one sample, which appeared to be composed entirely of 
residues. It does not appear from Holde's results that any 
simple relation exists between change of fluidity and expansion. 
The variations of fluidity were, of course, greater in oils con- 
taining paraffin (soUd at low temperatiu'cs) than in paraffin- 
free oils. In fact, the presence of soUd paraffin and asphalt 
exerts a peculiar influence on the fluidity of the oil,' especially 
when the temperature of the sample is reduced, as these bodies 
require a long time to separate completely, and the establish- 
ment of normal testing-conditions is therefore difficult. 

The general characteristics deducible from the experiments 
of the Charlottenburg Versuchsanstalt may be thus summarized: 

The heavy viscoiis mineral Ivbricaling oils of various origins, 
of a minimum specific gravity of 0.908, present very little varia- 
tion in the rate of expansion between 20° and 78°C., the co- 
efficient ranging between 0.00070 and 0.00072. 

Those containing paTaffi,n, and solid below 20°C., such as the 
German oils, have between 12° and 20''C., on the melting of the 
paraffin, a higher coefficient, viz., 0.00075 to 0.00081.' 

The less viscous oils, for lighter machinery, of specific gravity 
lower than 0.905 at IS^C, have a higher coefficient than the first 
class, viz., 0.00072 to 0.00076 between 20° and 78''C. 

The completely fluid oils exhibit, with rising temperature, a 
gradual increase in the rate of expansion. The oils containing 
paraffin have a decreasing coefficient with increasing temperature 
until completely fluid, when they follow the above rule. 

In the case of kerosene, the practice in the trade in Great 
Britain is to add or to subtract from the specific gravity at 60°F. 
0.0004 for every 1°P. above or below that temperature. Accord- 
ing to Redwood's experience, the following corrections for each 

* On tho temperature coefficient of cxpansicm of petroleum residuums, see 
ROSSBACHER, J. hid. Eng. Chem., 7 (1915), 577, 

• Alsrecht found tiie fulbwing diffcrencea of the coefficients: 0.0004 for 
Gennan, 0.0007 for Russian, and 0.0005 for American oilsi 
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1°F. should be made: for products lighter than keroseoe, 
0.00040 to 0.00048; for kerosene, 0.00040; for gas oila, 0.00036; 
and for lubricating oils, 0.00034. 

Tables based upon a formula of Gay-Lussac have been in use 
in the United States for calculating the alterations in volume 
of crude petroleum under variations of temperature. At the 
present time American refiners usudly figure temperature 
allowances as follows: light gasolines — subtract or add 1 per 
cent, for every 15° above or below GO^F.; all other naphthas ■ 
and gasolines and illuminating oils — 1 per cent, for every 20° 
from 60°F.; gas and lubricating oils — 1 per cent, for every 25° 
from 60°F.> 

Boiling Point. — The boiling points of petroleums and the 
amounts of distillates obtained at specified temperatures there- 
from, differ considerably, as will be shown in the next section 

Table XI. — BoiLiNO Points or Crude Petboledus and Amounts or 
DrniLLATES AT Various Teuperatures 



>jj 130* 150° 170" 1»0" 210° 330° 250° 270" 280° g. 
170° 100° 210° 2M° 250" 270° 290" 300° i^ 



Baku (Bibi- 



2. Avera^ peroentac* y. 



' The coefGcient of enpaosion of aolar oil is 0.00079. 
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of this chapter. It is convenient to present here, however, 
Table XI, the first part of which is by Engler and Levin,* and 
the second by Engler.* 

Specific Heat. — -The specific heats of petroleum and its 
products are of importance to the refinery engineer. By their 
use one can calculate the amount of heating siu-faee reqiured in 
utilizing the heat of steam for preheating oil, prior to distillation 
or in distillation itself and in dehydrating crude petroleum, 
A knowledge of specific heats is also required in calculating the 
capacity of a refrigerating plant for the recovery of paraffin 
wax and in utilizing vapor in heating the oil in a continuous 
system. 

The specific heat of petroleum may be determined by several 
methods. GrSfe* burns 0.41 to 0.43 gram of a substance of 
known heat of combustion in a bomb calorimeter, in which the 
sample of oil is used as the outer liquid. From the quantity 
of substance of known heat of combustion taken (a), the quantity 
of oil (6), the water equivalent of the calorimeter (H"'), and the 
observed rise of temperature (T), the specific heat may be cal- 
culated from the formula 

a.4175 = WT + bcT. 

A ready method for the determination of the specific beats of 
petroleum and ita distillates consists in bringing into contact, 
by agitation in a well-insulated glass separatory funnel provided 
with a thermometer, a sample of the oil and distilled water of 
the weights Jl/o and Jtf„, respectively, and at the respective 
temperatures of To and T^. The oil-water mixture will come 
to an intermediate temperature (, such that the number of thermal 
imits given out by the oil is equal to the number gained by the 

' Oingler't polyt. J., 261, 32. 

' Idem, 360, 337. For other similar data, see Kramer, Sitx. Far. B^Ord. 
Oeuvrbfl. Preuas., 1SB6, 294; and Karmarsch and Ueeren, "Technolo- 
giaches W6rtcrbuch," 3d ed., 1B76, 618. On the voriatioua of boiling point 
with altitnde, see Lormann, Chem.-Zlg., 38 (1914), 897. 

'Petroleum, S (1907), 521. For other methoda, eec KoHUtAUBCH's 
"Introduction to E*hysica1 Measurements" (Eng. trans.), 3d ed., 118; and 
Reed and GrTHc's "Manual of Physical MeasuremeDts," 3d ed,, 113. 
Tlie specific heat may also be calculated from the elementary composition: 
divide the percentages of carbon, hydrogen and oxygen by the respective 
atomic weights, and multiply these quotients by the atomic beats (C » 
1.8; H - 2.3; - 4.0). 
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water, or vice versa. Then, taking S„ for the specific heat of 
oil, the equation for the heat exchange is 

° ~ M.{1 - tS 
In actual practice, it ia impossible to avoid loss of heat both by 
radiation and conduction, but this method ia a convenient one 
for the reiinery engineer. 

The same method may be used for determining the total heat 
to be removed from a wax-bearing -distillate in cooling it from, 
say, the vicinity of the cloud-point to the temperature at which 
the paraffin wax ia to be removed from it.' This determination 
can he most conveniently carried out by the reverse operation; 
that is, by first cooling a sample of the wax-bearing distillate 
to its final temperature, then ascertaining the total heat required 
to melt a weighed amount and raising it to the temperature in 
question, by repeated additions of small portions of water of a 
sufficiently high temperature, and repeated agitation, until the 
exact temperature required is arrived at. For example, suppose 
it is desirable to cool a wax distillate from, say, SCF. to, say, 
20°F. for the purpose of pressing. The sample ia cooled down to 
20''F., and a weighed portion at that temperature is put in 
the insulated separatory funnel and water of a sufficient tem- 
perature alK)ve 80°F., say lOCF., is added in gradual poi^ 
tionB, with agitation, until a resuJting temperature of 80°F. 
ia indicated by the thermometer. The weight of the water 
used being known, then from the above-mentioned data can 
easily be computed the amount of heat used in rsusing the 
temperature from 20° to 80''F., which result would be the same 
as the amount of heat required to be removed to cool from 80" 
to 20''F. To arrive at the heat to be removed per pound of dis- 
tillate, letting H, = total heat per potmd to be removed, one 
should use the formula 



-Mo^ 



-(). 



It will be noted that by obtaining the specific heat of a petro- 
leum product containing in solution a series of solid paraffins 
of different melting points which crystallize out progre.'jsively, 
the result will be complicated by the heat absorbed in the lique- 
faction of any member or members of this series or by the heat 

t For practical purposes, it ia not essential that the specific heat and the 
latent heat of liquefiiction be determined separately. 
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giveD out in the solidiScation thereof. Consequently, at 
temperatures where any paraffin wax crystallizes out, the specific 
heat shown is true only for that particular range of temperature. 

Grafe found the specific heat of various oils to range from 0.4 
to 0.5. It may be noted here that the more hydrogen an oil 
cont^ns, the higher is its specific heat; and the richer it is in 
oxygen and carbon, the lower its specific heat.' 

It has been found by Mabery and Goldstein* that impurities 
lower the specific heats of petroleum hydrocarbons to a con- 
siderable . extent. These investigators have indicated that 
although the paraffin series of hydrocarbons affords the beat 
field for study of an homologous series, little has been done io 
the direction of determining the specific heats of these bodies. 

During the course of an investigation <rf the distillates sepa- 
rated from Pennsylvania petroleum, BartoU and Stracciati' deter- 
mined the specific heats of certain hydrocarbons to be as follows : 
Table XII, — Specimc Heatb or Cbbtain Htdrocarbons 

Tempcratun SpMifin Heat 

Hesane, C,H,. W-a?" 0.5042 

Heptane, C7H,, I6'-37° 0.4869 

Octane, C,H,. 12°-19° 0.5111 

Decane, CkH,, W-IS' 0.6057 

Tetnidecane, CuH,, 0.4985 

Hexadecane, Ci^„ 15'-22° 0.4963 

The inference from these results was that the specific beats of 
these hydrocarbons were remarkably constant. 

Mabery and Goldstein* gave the following as the results of 
from three to six determinations of each hydrocarbon, made at 
the temperatures 0" and 50°: 

Tablb XIII. — Specific Heatb of CertAik Htdrocarbon's 

BoIIIde Spedfio Btdlinc Spscifio 

C,Hn 68° 0.5272 C„H,t 214° 0.4997 

CtH„ 91° 0.5006 Ci,Hi. 226° 0.4986 

C,H„ 98° 0.S074 CuH,* 242° 0.4973 

C.H„ 12S' 0.5052 Ci,H„ 260° 0.4966 

C,H„ 151° 0.6034 C^M 275° 0.4967 

CioHtt 162° 0.4951 Commercial 

Ci,Hm. 172° 0.5021 gasotiae 0.5135 

CH,, 195° 0.6013 Crude Ohio 

petroleum 0.4951 

' See the determinations given below and also ScBum, Mai. ffnuaea, 6, 3005. 

' Am. Chem. J., 38 (1902), 67. 

'Gau. ehim. ital., U (1884), 548; 16, 417. 

*Loe cit.,e9. 
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Table XIV gives the specific heata obtained from the series of 
methylene hydrocarbons. 

Table XIV. — SpEcinc Heatb of MetrtLiEne Htdrocarbons 

BruliuE SocdBc Boilina Spsclfia 

p<diit beat pout uttX 

C4H,, 68" 0.5062 C„H„ 190' 0.4819 

CjHm 98° 0.4879^ CuH,, 212° 0.4670 

CiH„ 119° 0,4863 C„H,. 232° 0.4573 

C,H„ 135° 0. 4851 Ci,H„ 244° . 4531 

CiJJit 160° 0.4692 C„H,o 263° 0.4708 

It appears from these results that there is a imiform decrease 
in specific heat with increase in molecular weight. Furthermore, 
the normal hydrocarbons, such as heptane, CjHu (b.p., 98°), 
and decane, CioHtj (b.p., 172°), have higher specific heata than 
their isomers, such, for example, as iaoheptane, CjHjs (b.p., 91°), 
and isodeeane, CioHm (b.p., 162°). The same variation also 
appe&rs in the methylene series, with high values for certain 
members that probably indicate different structural relations. 
Mabery and Goldstein call attention to the materially lower 
values given by the methylene hydrocarbons as compared with 
the values for the paraffin hydrocarbons; and question whether 
this is due to greater compactness in the methylene molecule or 
to some quality of its ring structure. 

Tablb XV. — Specific Heats of a Sbbies of Htdrocarbons Sepasatbd 

FROK THS HlOH-BOILING PORTIONS OF PENNSYLVANIA PbTROLEDU AND 

Belonqino to thb Sesieb CnHm* 

Boiling SpcdBo Boiling Bpcrifla 

point heat point h«ftt 

C,.H„ 173° 0.4723 C„H«. 260° 0.4612 

CiiHii. 202° 0.4723 CMu. 272°. 0.4586 

C„H<.. 223° 0.4706 

Mabery and Goldstein* also determined the specific heat in 
several hydrocarbons of the series CnHm-i and the series 
CnHin-4, which had been separated from Texas petroleum, with 
the following results: 

■ Mabbrt and GoLDersis, loc. cU., 71. For the specific heata of the 
heavier petroleum distillBtes at high temperatures, consult Karavatbv, 
Nfftjanoje DJelo, 1913, No. 16; PetroUum, 9, 550. 

■Locefl., 72. 
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T'ablb XVI. — Spbcific Hbatb op Sbveral Htdrocabbons Separated fbou 

Texas Petholeuv 

Seriee CaHn-i Series CnHu-i 

CmHh 127* 0.4447 C„H„ 218° 0.4560 

Ci Jin. 142" 0.4439 C„H,t 273° 0.4660 

C„B,^ 162° 0,4426 

According to Mabery and Goldstein, these findings cannot be 
accepted as trustworthy, for the quantities of the hydrocarbons 
were very small and the oils began' to crystallize at 0". There is 
no doubt that the si>Gcific heats of these iiydrocarbons are smaller 
than those of the preceding series. 

The same investigators determined the specific heat in the 
following crude oils from various fields: 

Table XVII, — Spbcipic Heat op Crude Oils, etc. 

SprciGo Bpcdfio 

(nvity k«t, 

Pennaylvania 0.8M6 0.6000 

BereaOrit 0.7939 0.4690 

Japanese 0.8622 0.4532 

Texas (Lucas weU) 0.9200 0.4315 

Russian 0.9079 0.4355 

Wyoming 0.8816 0.4323 

California 0.9600 0.3980» 

Texas 0.9466 0.4009 

Ohio , 0.4951 

Commercial gaAoline 0.5135 

These values show that the specific heat of the crude oils is an 
important property from a practical point of view. It would also 
seem that there is no close agreement between specific heat and 
specific gravity. Pennsylvania oil stands at the head, and Berea 
Grit, with -a much larger proportion of volatile constituents, is 
next. Of the heavier oils, it appears in general that the specific 
heats are much lower, but with no definite relation. 

It has been found,* in the case of California petroleum, that 
as the asphalt content increases, the specific heat decreases. 

Latent Heat of Evaporation. — A knowledge of the latent heat 
of evaporation of petroleum fractions is necessary to the refinery 

' More recently Wales {J. Ind. Eng. Chem., S, 727) reported that the 
specific heat of Cahfornia petroleums varied between 0.3999 and 0.5016, the 
average on twelve samples being about 0.4500. 

' By Wales, ibid. 
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engineer for the determination of the requisite heating arrange- 
ments, the dimensions of the required condensers, and the supply 
of condensing water. While, in practice, these data are often 
arrived at by empirical methods, occasions arise when first 
principles must be resorted to. 

Synicvski' has devised an apparatus for determining the latent 
heats as required for the calculation of distilling and condensing 
plant. GrSfe* determines the heat of evaporation by conduct- 
ing the vapor of the oil tlu-ough a form of Liebig's condenser 
and measuring the rate of flow and rise of temperatm'e of the 
condenser water; he has also shown that the heat of evaporation 
may be calculated from the molecular weight and the boiling 
points.* 

Table XVIII gives the results which were obtained by Mabery 
and Goldstein,* as the mean of several observations. Mabery 
and Goldstein have emphasized the practical importance of 
information concerning the heats of vaporization.' 
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'C. 


•F. 






68-70 
90-92 

98 
U8-I19 


154-168 
194-198 

208 

245 


87.3 
81.0 
75.7 
71.7 




Dimothylpentamethylene, C,H„.. 

Methythexamethylcne C,Hi, 

Diraethylhexomcthylene, C.H„. 


146 
136 
129 



'Z. tmgew. Chem., 11 (1898), 621. 

* Petroleum, 5 (1910), 669. 

» See also IChabitchkov'b "Fbyslkaliscbe Untersuclitmg dee Erddls." 
*Loc. dt., 75. 

* This subject is again referred to in the dawriptive account of condenaera 
n tb9 chapter on Refinery Ensintering (see p. 736). 
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These results indicate a rapid falling o£E in latent heat, with 
increase in molecular weight. 

Wscosity.' — The determination of the viscosity of mineral 
oils is generally made in practice by ascertaining the times 
occupied by two equal volumes of the liquids under comparison 
to flow through a narrow aperture under exactly the same con- 
ditions. The numbers obtained in this way are, of course, en- 
tirely arbitrary* and differ with the viscosimetera employed 
for the purpose. For practical purposes, the viscosity of mineral 
oils has been usually compared with that of rape oil, but the use 
of the latter is open to the objection that it is difficult to obtain 
samples of the same viscosity. 

The viseosimeters of Saybolt,' of Engler,* and of Redwood,' 
are the most important of the many forms which have been 
devised.* Saybolt's viscosimeter is in use in the United States, 

' On the viBcoaity of mineral oils, see Breuil, BttU. eoneerv. oris tneiiers, 
1906, No. 8; CEEROHEFFSKy, Rea. Chim. Ind., 13 (1901), 248; Coi.euan,7. 
Soe. Chem. Ind., S (1336), 359; Edelganu and Duluoea, An. Inst. Geol. 
Rotnan., S (1910), 490; Englbr, Chem.-Zlg., 9 (1885), 189; Hackbl, MiU. 
k.-k. techn. Oea., 16 (1905), 44; Holdb and Stanob, MiU. k. leckn. Venuek' 
aamt., 18 (1900), 157; Kissuno, Chem. Rev. Fetl-Har2-Ind., 9(1902), 202; 
Mason, Chem. News, 60 (1884), 210; Nettel, Chem.-Zlg., 39 (1905), 386; 
OFFERMiNN, Chem. Rev. FeU-Hart-Ind., 18 (1911), 272; Redwood, J.Soc. 
Chem. Ind., 6 (1836), 121; Shgrman, Gray and HAJifMERSCHLAO, J. Ind. 
Eng. Chem., 1 (1909), 13; Sinuer, Che^n. Rev. Felt-Uart-Ind., « (1897), 
243; Petroleum, 2 (1907). 555; Stbinorabbb, Pelroleum, 1 (1906), 578; 
tlSBCLOHDG, idem, 4, (1909), 361; Vre, Repl. Brit. Assn., 1839, 22; and 
WaiTB, Petrol. World, 8 (1911), 499. On the calculation of the degree of 
viacoeity of niineral oil mixtures, see Moun, Chem.-Zlg., 38 (1914), 357; and 
PyhalS, Pelroleum, 1, 207. On the viscosity and rate of flow of hydro- 
carbon oils, see Glazbbrook, Hiooins and Pannei,!,, Engineering, 100 
(1915), 522; Gob World, 63 (1915), 515. 

' On the expression of viscosities in absolute measure, instead of by the 
arbitrary values now adopted, aoo especially HiaoiNa, J. Soc. Chem. Ind., 
33 (1913), 568. 

'■See Redwood's "A Treatise on Petroleum," 3, 279. On a comparison 
of the En<iu:r and Satboi.t viscosities of mixed oils, see GaAr, Orig. Com. 
Slk InUmat. Cimg. Appl. Chem., 10, 153. 

- 'See Enoles, Chem.-Zlg., 9 (1886), 189; and DingUr's poli/l. J., 386 
(1892), 210. 

•See Redwood, J. Soc. Chem. Ind., 6 (1886), 121; Hiogins, idem, SS 
(1913), 668; and Savill and Cox, idem. 36 (1916), 161. 

' On the torsion viacosimeter, see Doouttle, J. Am. Chem. Soe., 16" 
(1893), 173; on the ENOi.BH-K(mKLeR instrument, see DingUr's polyt. J., 
376 (1890), 42; on the KOmcler viscosimeter, see idem, 290 (1893), 2Slj 
for a description of the Lauanskt-Nobkl viscgaimetef, see Wischin, Chan^- 
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while the instrument of Engler is used in Germany and gener- 
ally on the continent in Europe,' and that of Redwood is 
standard in the British Isles. 

The relation between Engler and Saybolt viscosimeters is 
thus given, by S. W. Stratton, Director of the United States 
Bureau of Standards :* 

U E, = time in seconda for outflow ot 200 c.c. witb Engler, 
iSi = time In seconds for outflow of 60 c.u, with Ssybolt, 
then E, = S.F 



where the conversion factors F have the values given in the 
following table: 

Se«. Sera. CanvDmon Fmcton 

65 37,8 1.72 

70 4J.7 1.68 

SO 50.0 1.60 



200 J4«^ 1.37 

2,400 1,765 1.36 

Example 1. — Suppose the observed time of outflow of 60 c.c. 
with the Saybolt viscosimeter was 1,000 sec. The conversion 
factor corresponding to S, — 1,000, taken from the above table, 
is about 1.365. Hence, the corresponding Engler time is 
1,000 X 1.365 = 1,365 sec. 

Ho). Fea-Harz-Ind., 7 (1900), 73; and on the Paouani, Detuar, and 
GooDUAN apparatus, see Fea, Ptoc. Inl. Ann. Tetling Materxois, 3, xxii. 

Instruments for measuring the viscositi<» of fiuids ara discussed in 
principlo by MacMichael in J. Ind. Bng. Chem., 7 (1916), 961. Mao 
MiCEAEL has devised a viscoHimeter which, like the earlier inatrurnenta of 
Coi7BTTB and of Ci^rk, operates on tliia general principle: the force re- 
quired to produce a definite relative movement of the Quid particles in a 
pvun time. A disk ia suspended in a cup of fluid, and the force exerted 
by the rotation of the fluid itself is measured. Accuracy, rapidity and 
convenience are claimed. 

' In France, however, Barbey's "ixom6tre" is employed. 

'See "Petroleum and Natural Gas Resources of Canada," BvR. 391, 
Canada Dept. of Miitea, Mines Branch, 1914, p. 52. On conversion tables 
for Satbolt Universal, Enoler and Redwood viscosimeterB, see Waidneb, 
Proe. Am. Soe. Test. Mat., 16 (1915), 284; and McIlbinet, J. Ind. Eng. 
Chem., 8 (1916), 434. 
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Example 2. — Suppose the observed time of outflow of 200 c.c, 

with the Engler viscosimeter was 185 sec. The conversion 
factor correspontling to ^i = 185, taken from the above table, 
is about 1.38. Hence the corresponding Saybolt time is 



^85 

1.38 " 



134 sec. 



The above table was found to hold for all the oils tested, ranging 
from light machiriery to heavy cylinder oils, and at all tempera- 
tures, 70° to 210^. The table must not be used below E, = 65 
sec, as none of these viscosimeters is adapted to low viscous 
oils, as, e.g., illuminating oils. 

In the use of the Engler instrument, the so-called Engler 
numbers are very often used instead of the time in seconds. 
The Engler number is the time of outflow of 200 c.c. of the oil 
at the test temperature divided by the time of outflow of 200 
c.c. of water at 20''C. With Engler instruments, having the 
standard dimensions specified for these instruments, and in which 
the variations do not exceed the specified limits, the time of out^ 
flow of 200 c.c. of water at 20''C. is between 50 and 52 sec, 

Example. — Suppase the observed Engler time (for 200 c.c. of 
oil at the test temperature) is 1,000 sec, and that the time of 
outflow of 200 c.c. of water at 20° has been found to be 51 sec 
Then the correaijonding Engler niunber is 



100 

5'l 



1.9 



The above conversion table is given for the time of outflow of 
200 c.c. of oil, which is the standard method of u-sing the Engler 
instrument. WTien viscous oils are tested at low temperatures, 
however, the time consumed for the outflow of 200 c.c. is very 
long. The test can be very much abbreviated by observing 
the time of outflow of 50 c.c. or of 100 c.c, and multiplying by 
a suitable factor to reduce to the equivalent time for 200 c.c., 
in the way explained by Holde in his book on " Untersuchung 
der Mineraldle und Fette," 2nd ed., 1905. 

Although the viscosity of petroleum products of similar chem- 
ical characteristics increases with the density,' oils of the same 
specific gravity from diflFerent localities often differ in viscosity. 



' Steingbaheh, PttToleum, 1 (1906), 578, 
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Table XIX,' showing the relative viscosity of water and various 
oils, brings out this fact. 

Table XIX. — Viacoairr-SBCONDa fob 50 c.c* 
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The viscosity of petroleum is of value in determining the 
facility with which the oil can be pumped with or without heat 
through pipe lines. It may be noted here that surface tension 
is a constant not yet of vdlue; this is owing to the fact that there 
is a lack of knowledge regarding the voriationa caused by the 

' DeterminatioiiH of Redwood, op. at. 

* Resulta with Redwood's standard viscoai meter. 

' Semi-solid at ordinary temperatures. It may be noted here that a lubri- 
cating oil which remains fluid at —55°, is described in Nephtarwje Djdo, 
1913,14. 
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probable presence of small quantities of certain substances in 
crude petroleums. 

Optical Activity. — Certain petroleums and their distillates 
slightly rotate the plane of polarization; the specific rotatory 
power of mineral oils is generally 0° to +1.2°, and it rarely 
rises to +3.1°. The determination is made with the usual 
polarimetric apparatus. 

Zaloziecki and Klarfeld' examined a number of Galician oils 
and one each from Pennsylvania, Russia and Germany. They 
found that the last three named were inactive, while the light 
pale descriptions of Galician oils were generally inactive and the 
dark heavy ones were usually active. 

Engler' has expressed the opinion that the optical activity of 
petroleum is, in most cases, caused by the presence of an in- 
dividual substance, probably the product of a destructive dis- 
tillation of cholesterin or a cholesterin-like substance; but 
Koss', who made a number of experiments with Ledok and 
Gogor (Java) petroleum, opposes this view, 

Rakuzin* concludes that crude oil is dextro-rotatory, the rota- 
tory power being proportional to the depth of the oil-yielding 
strata, and that the rotatory power of the oil is due to its forma- 
tion from compounds containing asymmetric carbon atoms. 
Out of ten Japanese petroleums examined by Hakuzin,' only one 
(Amaze field) was polarimetrically inactive. It had a specific 
gravity of 0.7877 at I5''C., and was described a-s a remarkable 
example of an inactive oil obtained at a great depth (2,100 ft.). 

Hakuzin' regards the optical activity of petroleum as the most 
important factor in determining the genesis and geological age 
of a crude oil. The results of the investigations of 120 petro- 
leums from Caucasia have led Rakuzin to declare that the 
specific gravity incceasea with the depth at which an oil is found: 

'aiem.-Zig. 81 (1907), 1155-1156, 1170-1172. 

* Z. angew. Chem., 21 {1908), 1585-1507. See alao Enqler and Bobbitn- 
8Kt, Parol. Reu., ST, 41. 

*J. Rusa. Phya.-Chem. Soc, U (1911), 697-^707. Cf. Enolbr and 
Steiskopf, ibid., 1820, 

* J. Russ. Phyi.-Chem. Soc., 41 (1909), 48.3-500, 

'Petrdeiim, 6 (1911), 1048. On the relation ot the optical activity of 
petroleum to petrulogeneBiB, eee p. 29; and on the significance of optical 
activity, see Boshong, Science, 88, 39. 

' Orig. Com. 8th /nieraof. Cong. Appl. Ckein., 25, 721. See alao Rakuuk, 
J. fiusB. Phya.-Chem. Soc., 44, 1737; Pelroleum, 7, 288. 
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that the carbonizatioD values^ decrease; that the yields of similar 
products of distillatioa are closely associated with depth; and 
that the paraffin content of crude oil decreases with depth. 
Zamyatin,' however, has indicated that an increase in depth does 
not always increase the specific gravity of petroleum.* 

Refractivity. — The refractive index is of technical importance 
in that it permits of the detection of rosin oil in lubricants. 
The refractometer of Zeiss is generally employed for this 
determination, 

Refractivity has also petrologenetic significance. For in- 
stance, Engler,* who has devoted considerable attention to the 
determination of the power of refracting light possessed by 
petroleum, is authority for the statement that the most char- 
acteristic physical properties indicative of the locaUty from which 
an oil is obtained are the re/rac(i'uei?wiear and the specific gravity. 
In support of this statement he has prepared the following table 
(Table XX), in whichitwillbeobscrvedthattherefractiveindices 
of the oils of Tegemsee and Pechelbronn approach that of 
Pennsylvania petroleum, wliile the Oelheim oil affords results 
not differing greatly from those given by Baku petroleum, 
TiBLE XX.— Refractive Indices of Petbolecm Distillates 



Tegernsee 

Pechelhronn 
(Elsass) 

Oelheim (Han- 
over) . . , . 

PennBj'lvfinia 

Baku 



0.7465 

0.7550 

0,7830 

(1,7550 

7820 



0.7840 

0.79OO 
0.8155 



1.450,0.8420 11.468.0,8620 
1.439^0.8130 11,454 |0-8a25 
■0,8195 10.454:0,8445 1.467 '0,8640 



1.465 

1.462 



Moreover, in determining the origin of a petroleum or ita 
products, Chercheffsky* notes the refractive index. He presents 

' The degree of o(ioquenc8s (lelerminea the carboniifllion value of a crude 
oQ. This is. according \a ItAKOHN, aasociated with the period of formatiDnof 
the oil. 

'Ann. gfol el mitt, de la Russie, 14 (1912). 

» Cf , p. 94. 

* Verh. Ver. Bffdrd. Geuxrbfl. Preuss., 1887, 637. 

'Compt. rend., IBO (1910), 1338. 
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the following illustrative results obtained with distillates below 

aocc: 

Table XXI. — REnucnvE Indices of Petboleum Distillates 

Ori^ Sp. ft. IndioH dI 

At IS-C. ntrsction 

■t 15°C. 

American 0.780 1,4345 

American 0.800 1.4453 

Amencan 0.820 1.4564 

Russian..? 0.780 1.4309 

0.800 1.4419 

O.820 1.4533 

Rumanian 0.780 1.4334 

Rumanian 0.800 1.4458 

Rumanian 0.820 1.4572 

Galician 0,780 1.4356 

Galieian 0.800 1.4466 

GalicUn 0.820 1.4586 

Shale 0.780 1.4373 

Shale 0.800 1 .4469 

Shale 0.820 1 .4568 

The following results were obtained with lubricating oils and 
solid hydrocarbons; 

Russian spindle oil, ref. ind. at 15°C 1 .4888 

American cylinder oil, t«f. ind. at 15°C 1.4954 

Petroleum paraffin, ref. ind. at 15°C 1,4185 

ShaJe paraffin, ref. ind. at IS'C 1,4161 

Cereein (oiokerite), ref. ind. at 15''C.' 1.426 

Using the Zeiss-Abb£ refractometer, at the temperature of 
15°C., Le Roy' obtained these values: 

Hefr»cHve 

American crude oil 1 , 4540 

American petroleum spirit (sp. gr,, 0.720) 1 , 3995 

American white burning oil 1 ,4430 

Russian crude oil 1,459S 

Russian petroleum spirit (sp. gr., 0.720) 1 , 4105 

Russian white burning oil 1 , 4530 

Rumanian crude oil 1 , 4639 

Rumanian petroleum spirit (sp. gr., 0.720) 1 .4055 

Rumanian whit« burning oil 1.4560 

■ On the refractomctric properties of technical paraffins, see also Bolde, 
Petroleum, 9, 669. 

' Ann. ckim. anal, 16 (1911), 12. 
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According to Kind and Valgis,' the refractive index is de- 
pendent not upon the boiling point but upon the density. In 
fact, recent work^ shows that refractive indices vary in the same 
direction as specific gravities. 

Radioactivity. — Hurmuzescu' found that the lightest varieties 
of certain Rumanian oils examined were the most active and that 
the activity decreased with time.* 

Calorific Value.* — The examination of fuel oils' usually con- 
sists in the determination of the calorific value, the specific 
gravity and the flash-point. The calorimetric value, or calorific 
power, may be determined in a Berthelot,' Kroker,* or Mahler' 
bomb, or in a Parr calorimeter,'" It may be calculated from the ele- 
mentary composition;" but ealculationa based upon the ultimate 
analysis of a sample may be quite misleading, since the heat of 

' Nepktajwje DJelo. 12 (1912), 26, 

• RiTTMAN and Eqi^ff. J. Ind. Eng. Chem., 7 (IfllS), 582. 
'PelToUum, 3 (1U07), 235. 

• On the radioaetivily of petroleum, sec alao Himstedt, Ber. nal. Gfg. Frei- 
buTff i. Br., 14 (1904), 181; Hdrmuzesco, Z. aytgeu: Chevi., S4 (IBll), 26; 
Compt. rend. Congrens internal. Pilrole. seas. 3, 2 (1910), TTl; and Pobucic, 
Ban. Kohaii. Lap., 41, 163. On a radioactive gas from crude petroleum, eee 
BcRTON, PM, Mag.. (6), 8 (J904), 498. 

' On the determinatioD of calorific values, see Arth, £uU. aoe. ehim., (3), 
31 (1904), 576, For a conaideralion of calorific standards and calorinietry, 
Bee Cobtb'b "The CaloriBc Power ot Gob," 1911. On the accuracy obtain- 
able in fuel calorimetry, aee HrnTLr, Chem. Eng., 13 (1911), 147. On tlie 
calorimetry of volatile liquid fuels, eee Rawleb, J. Soe. Chetii. Ind., 36 
(1907), 665; and Robekhain, idem, 3S (1906), 239. 

• Onide petroleums, liquid still-residues, "Maaut," "Ostatki," tar reai- 
duea, etc., which aru used, where economic considerationa permit, tor steam- 
raising purpoaea, See Zaloziel'ki and Lidov, Naphla, 12 (1904), Noa, 21 
and 22; and Booth's "Liquid Fuel and Its Apparatus," 191S. A select 
index to the literature of fuel oil is given in Hofman's "General Metallurgy," 
1919, 288; and good accounts of (he present use are given in "Mineral 
Reaourcea of the United States," 1913, ii, 959-60; in Lewes' "Oil Fuel," 
191S; in Butleh'h "Oil Fuel," 1914; and in ScaitiTz's "Die I'''liissigcn 
BretmstofTe," 1914. 

'Compt. rend., 104,875. 
•fler., 30 (1897). OO.i;. 

• Compl. rend., 113, 774. 

"See White's "Technical Gas and Fuel Analysis," 1918, 175. 

"I'or formulas used in calculating the heating values of fuels, see Grb- 
babct's "Steam Power Plnnt Engineering," 4th ed., 34; Cakpentkh and 
Diedbricbb' "Experimental Engineering," 7th ed., 510; and W. A. Bone, 
Thobpe's "Dictionary of Applied Chemielry," revised ed., 1912, 2, 605. 
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combustion is dependent upon the atate of combination of the 
elements in the substance and is never equal to the sum of those 
of its element* taken proportionately.' 

Table XXII gives the ultimate analyses of certain petroleums, 
with their determined calorific powers. 



Tablb XXII. — Ultimate Analtsks c 



Petroleuus 



Kind uid IcHAlitf 



Heavy oil, Pennsylvania*. . 
Light oil, Pennayivania.. . . 
Heavy oil, West Virginia'.. 
Light oil, West Virginis.. . , 

Heavy oil, Ohio* 

Rothwell, Canada' 

California 

California* 

Beaumont, Texas^ 

Heavy oil, Baku* 

Light oil, Baku 

Refuse, Baku 



The investigations begun in 1869 by St. Clwre-Deville' on 
the physical properties of crude petroleums from the important 
oil districts then in operation, showed that the oil of Baku 
possessed a higher calorific value than that of other districts, 
and that the practically ascertained heating power was lower 
than that found by calculation from the known composition 
of the oil. 

Determinations of the calorific values of various descriptions 
of Texas crude petroleums, made in the laboratory of the Uni- 
versity of Texas Mineral Survey,' have furnished the following 
results (Table XXIII): 

' See Locke's "Engineering Thermodynamice," 1913, p. 671, for a con- 
sideration of calorific power as calculated for oils from ultimate analysis or 
from density. 

* Poole's "Calorific Power of Fuels," 1900, 261. 

* Peceham " Report on Production, Technology and Uses of Petroleum," 
lOtk CenmiB V. S., 18B8. 

* Mblviu^, "Report U. S. Naval Fuel Board," 1904, 68. 
*Comv. rend., OB, 442; 68, 349, 485, C86; 72, 191. 

■See PH1LUP8, £uU. Univ. cj Texas, 1900, No. 5. 
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Tablb XXIIL — Calorific Values of Texas Cbddb Oils 

SouTM ol Mmpia 



8 well. Spindle Top, JeSerson County 

iB Oil and Fuel Co,, Spindle Top, Jefferson County.. 

Sour Lake, Hardin County 

Sour Lake, Hardin County 

Northeast of Fort Stockton, Pecos County 

Near Dunlay, Medina County ; .' . . 

DuUnig wella, Beiar County 

Walsh tract, Bexar County 



19,574 
19,785 
18,362 
18,694 
17,387 



The heating values of various crude petroleums of the oil 
fields of California are given in the tabular presentment of the 
analyses of these oils in the next section of this chapter.* 

Determinations of the calorific values of fuel oils from Burma, 
Borneo and Texas, of kerosene and solar oil from Russia, and of 
petroleum spirit from the United States, have given the follow- 
ing results by the bomb calorimeter: 

Burma fuel oil 10,704 19,429 

Burma f uel oU 10,924 19,663 

Borneo fuel oil 10,371 18,668 

Borneo fuel oil 10,340 18,612 

Texas fuel oil, specific gravity 0.919 10,670 19,206 

Texas fuel oil, specific gravity 0,923 10,755 19,359 

Texas fuel oil, specific gravity 0.935 10,748 19,346 

Texas fuel oil, specific gravity 0.941 10,957 19,722 

Russian kerosene 11,260 20,2d8 

Russian solar oil, specific gravity 0.873 10,920 19,656 

American petroleum spirit, specific gravity 0.684 12,210 31,978 

American petroleum spirit, specific gravity 0.694 12,220 21,996 

> The gram-calory, or small calory, ia the heat required to raise the tem- 
perature of 1 gram of water 1°C. From 0° to 1°C. is usually specified, yet 
it is practically assumed that the specific heat of water is constant; if the 
calory were defined in terms of the degree from 20* to 21°C., it would more 
accurately represent the meaoing in use. The British thermal unit (B.t.u.) 
is the poimd-degree, or the amount of heat required to raise a pound of water 
from the temperature 50° to 51°F. (Tait) or from 62' to eS^F. Gram- 
Tories multiplied by the factor % (the relation of 1°C. to 1°F.), or 1.8, gives 
the calorific value in B.t.u. (pound-degrees F.) per pound of combustible. 
On tbermochcmical nomenclature, see RicaABoa' "Metallurgical Calcultk- 
tions," 2d ed., pt. 1, p. 13. 

■Seep. 131. 
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Table XXIV. — Calorific Poveb or Various DBscBipnoMa or 
Petboleuu, Etc' 



Heavr patrol 

WattVIlcinU 0.873 £ 

Ucht petroleum from 

WatVir^oU .0 

LUbt potraltam from 

Hravy pctroleuoifroinl 



Penniylvo 



O.gSO i 



0.00072 
O.OOOSSO 



D 18,324 
3 18.401 
3 17,938 



Ardfahe. Vagnu.. 
CMl-t>r [rom Pli 



Light petroleum 

Bmku 

Heovy petroleum 



o.ooossa 

0.000S43 

0.000773I 

0.000041 

o.ooosisl 

0.000775 



0,000743 
0.000817 
0.000724 

o.oooesi 






14 48 
15.38 


loiom 

10.458 


18.038 

18324 


wn 


10.008 
10,231 


i8.a»" 

18.416 


,..>. 


..0.6 


16.383 


•"' 


11.700 


16.049 
21.060 


H.iO 




ao,628 


16,65 


10,800 


10.440 


■■is02' 


10,700 
10,831 


10,280 
19,498 


U.,6 


10.081 


18.148 



4.,.|.. 



lU ba obMTvad thut the onlorifio pi 



St of petroleum u ujually al 
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Inchley' has given the data presented in Table XXV, 
Table XXV. — Composition and Calorific Power op Some Petroleov 





SpeoGe 

gravity 




Caloiifie power 


Nftm* 


Sr 


Hydro- 

gan 


^P. 


kilDgram 


B.t.u. 
pet 


B.t.u. 


"Royal Daylight" 

(American) 

Keroeeae {Ameri- 


0.797 

0.780 
0.825 
0.890 

0,896 


S5-70 
85.05 

se.oo 

85.05 
86.61 


14.20 

14.40 
14.00 
13.50 
12.60 


0.55 

0.45 

0.79 


11,167 

11,163 
11,270 
10,901 

10,783 


20,100 

20,095 
20,300 

19,620 
19,450 


150,000 

156,500 
167,000 
174,500 
174,000 


Refiaed (Baku). . . 
Russole, R.U.O. . . 





The following formula ha^ been found by Sherman and Kropff 
to express approximately the relation between the specific 
gravity and the calorific power (in British thermal units per 
pound) of American petroleum oils: 

B.t.u. = 18,650 + 40 (Baumfi d^rees - 10). 

The relation between calorific power and specific gravity for 
similar oils is also indicated below, the calorific powers being 
expressed in calories per gram. 

B[i«lfiii crmvity Cklorifie power 

0.70-0 75 11,700-11,350 caloriea. 

75-0.80 11,360-11,100 c " 

0.80-0.85 11,100-10,875 c 

0.85-0.90 10,875-10,678 cal. 

0.90-0.95 10,675-10,500 c 

Brame* has reported the calorific values and specific heats 
given in Table XXVI. 

p Certain 



»™ 


Sp«>fi« 
gravity 


"is.- 

kilSram 


B.t.u. 


^Mn 


S^i«o 


"Royal Daylight" 












("Tea Rose")... 


0.8055 


11,100 


19,980 


160,500 


0.450 


"Water White" 












("White Rose"). - 


0,800 


11,140 


20,050 


160,400 


0.457 


RuMian 


0.8248 


11,060 


19,910 


164,000 


0.436 




0.8127 


10,900 


19,620 


159,500 









^Erigineer, 111 (1911), 155. 

' J. Am. Chem. Soc., SO (1908), 1626. 

•"Fuel," p. 170. 
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Constam and Schlapfer^ have made a very complete inves- 
tigation of the chemical and phj-sical properties of 109 samples 
of petroleiim of Galician, Alsatian, and North and South American 
origin. Their report should be consulted by those interested in 
oil for power purposes. 



THB ANALYTICAL CHARACTERISTICS OF AMERICAN PETROLEUUS 

The followbg tables (XXVII and XXIX), with the exception 
of the analyses of the crude petroleums of the oil fields of Cali- 
fornia (Table XXVIII), are baaed upon the extensive com- 
pilation given in Mineral Resources of the United Stales, 1913| 
ii, 1121. Commenting upon this presentment, David T. Day 
states that, 

"The degrees of accuracy and the methods of expressing the resultB 
differ greatly in the analyses gathered from the general literature of the 
subject. In arranging the analyses, effort has been made to show the 
variation in specific gravity, in percentage of sulphur, of asphalt, and of 
paraffin, and in distillation products. Other analytical data are given 
under 'Remarks.'' 

"On the whole, tne tables are very inconiplete and show clearly the 
necessity for much additional work. The analyses cited show very 
full work in some fields and almost nothing in others. In Pennsyl- 
vania, New York, Ohio, Indiana, and the newer fields information ia 
lacking as to even the exact locality from which many of the samples 
come and the conditions under which any particular specimen was 
ohtained. Usually there is no statement as to care uso<l in avoiding 
evaporation from the sample. Up to 1897 the analj-tical methodrof 
the older analysts varied to such an extent that as much as 30 per cent, 
difference in the proportion of naphtha will be shown in two samples 
from the same region, and thus a far greater difference will be shown 
between two samples from the same pool, as analyzed by the older 
analysts, than between the oils from widely separated districts. Yet 
there are no explanatory statements to make these differences intellig- 
ible. No more cqnclusive argument could he offered for the need of a 
general review of the analytical characteristics of all American oils." 

This need was recognized by sending Day to the Third Inter- 
national Petroleum Congress, held at Bucharest, Rumania, 
in 1907, where he aided in organizing for the first time an in- 
ternational commission for establishing uniform methods of 
examining crude petroleum and its products. The inteiDBtional 

' J. Got Llg., 134, 596. 
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commission considered, during the week in which the congress 
was held, the various methods used by different authorities and 
formulated and recommended to the congress for international 
adoption a provisional system of analysis. This system was 
adopted by the congress and it was recommended to the various 
nations for general adoption, pending any modifications which 
might be made by an international commission which the con- 
gress created for this purpose. This action was reported to the 
Congress of the United States, in response to a resolution of the 
Senate, and the rules for analysis were printed as a Senate 
document.' Since J907 this international commission has 
held two general sessions, one in London in 1909 and one in 
Vienna in 1910. At each of these meetings the system adopted 
at Bucharest was confirmed, with slight additional rules de- 
signed to increase accuracy, the fundamental system remaining 
fixed. 

With this uniform system as its basis, the United States 
Geological Survey, in cooperation with various state geologists, 
immediately began the collection of samples under uniform 
conditions from the various fields of the United States. These 
were then examined by exactly the same methods in order 
that they might be entirely comparable. The work was limited 
to crude oils, so that these various natural oils might be classified 
and be made to show their relations to the rocks in which they 
occur. The study of tiie composition of the products manu- 
factured from them, as well as the processes by which they are 
refined, has been undertaken by the Bureau of Mines. A 
collection, complete at that time, was made of the oils of the 
Mid-Continent field, including Kansas, Oklahoma, Caddo, and 
north Texas. The samples were collected at the wells by mem- 
bers of the Survey. Average specimens were also collected in 
each field from pipe-Une tanks, because this showed the actual 
average, in which the largest wells were given fairer weight than 
by an arithmetical average of large and small wells. Efforts 
were made, in collecting these samples from pipe lines, to select 
those in which the oil had had chance to be well mixed. The 
samples were, therefore, as representative as possible. The 
samples from Illinois and other states were similarly collected 
by members of the Federal or State surveys, 

' No. 469, 60th CoDg,. let seas.. IMS. 
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UETHOD OF ANALYSIS 

Gravity. — A set of very delicate specific gravity spindles 
was made especially for the investigation of the United States 
Geological Survey by C. Tagliabue & Sons. The samples are 
brought to a tempei-ature of IS^C, in a cylinder cooled in a 
water bath. The specific gravity is then taken. 

Distillation.' — The samples are then distilled by Engler's 
method as modified by Ubbelohde and adopted by the inter- 
national comraisaion. Thus 100 c.c, of the crude oil, measured 
at 15''C., are delivered by a pipette into a distilling bulb holti- 
ing about 125 c.c. The dimensions of this bulb are those 
prescribed by Engler. The thermometer used is a nitrogen 
thermometer, reading to SSO^C, wliich has been carefully stand- 
ardized by the United States Bureau of Standards. The con- 
denser tube, as prescribed by Engler, is 75 cm. long and has an 
inclination of 75° from the horizontal. The point of initial boil- 
ing is taken when the first drop of oil falls from the condenser 
tube into the receiving flask. To avoid loss by evaporation, the 
condenser tube is ground to fit into the graduated receiving flask, 
which is provided with a stop cock to draw off the oil at 150°C. 
and again at 300°C. Note is also taken of the proportions 
boiling within each range of 25''C., but these details are not 
])ublished in the tables given herewith. The fraction between 
the initial boiling point and 150°C. (302°F.), constituting the 
gasoline fraction, and the fraction between 150° and 30O'*C. 
(302° and 572''F.), constituting the kerosene fraction, are 
examined as to specific gravity with a pyknometer. The residuum 
is weighed as soon as cool; then its specific gravity is taken in 
the usual way and the volume calculated. As will be noted, 
the total thus obtained for the different fractions includes the 
sum of all variations in the determinations. This total for 
many samples slightly exceeds 100 per cent,, due to errors in 
coefficient of expansion, etc.; but for a greater number is con- 
siderably below that amount, owing to the presence of water, 
loss of volatile gasoline, etc. 

Unsaturated Hydrocarbons. — The method of Kr^Lmer and 
Bottcher is used for determining the unsaturated hydrocarbons 

'On the fractional diBtillation of petroleum, aee Sandekb, J, Chem. Soe., 
lOE (1914), 1607. On the annlyUcal distillation of petroleum, see eepeci&Uy 
RlTTMAN and D&jiN, /. Tnd. Eng. Chem., 7 (1915), 754. 
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preseot in the crude oil and in the distillate between ISO^C. 
and 300°C. The quantity of gasoline in many samples was too 
small for systematic determination of the percentage of un- 
saturated hydrocarbons in it. The method consists in shaking 
25 c.c. of the crude petroleum with 25 c.c. of sulphuric acid of 
specific gravity 1.83, corresponding to ordinary strong sulphuric 
acid, about the equivalent of that used in petroleum refining. 
The acid and oil are shaken in a small fiask with a long neck, 
the neck holding 25 c.c. The fiask is then filled with strong 
sulphuric acid until the oil which remains uncombined with the 
acid can be measured in the neck of the flask. The loss in volume 

TABI.B XXVII. — ANALisBa OP Pbtrolbum prom Alaska, Distillation bt 
Eftolbr's Method 





k 
Is 


1 


By voLu.n« 


Sul- 
phur 




Lwation 


To IKCC. 


150"- 

aoo^c. 


H«i- 


Total 




i 


ft 


1 


11 


11 


i 

ii 




KalaiUBayi 
K.laiu''. , , , 

Katall. 

Cold Bay'.. 

oUb«,.,..- 


:= 

D.BOOO 
0.BM7 

U,05S7 


iis" 


.... 


7S73 


13.3 


nisTTa 


SO.B 
Sl.O 

"■' 

BS.B 


100.0 

89.0 
100. 


Ti. 

0.098 


ttoiiduum. piraffiD- 
baae. 

a88°C.: cold IMt— 

98.7 per cent, t- 
liduum iocludM B.1 
p«r cent, soke and 
Ion aad produoU 
diitUled UDd«i lao 

aM-C., aod alio 

live digtilUtion. 

85.8 per cent, te- 
■idQum include. fl.O 

diitilled under 120 

360°C., and aira 
produota bjf de- 
BliuctivB diitilla- 
tion. 



■ Pbnniha.1 ami Buowni. Bali. U. S, Giol. Santu. No. 11 

> Miiurai BaMTca of At Unittd SlaUt. 1901. 583. 

• PBHntiAN and Bbowhi, BuU. V. S. OtU. Buntv, Na W 
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between the original 25 c.c. and the oil which remains undissolved 
by sulphuric acid is taken to represent the unsaturated hy- 
drocarbons. 

Paraffin Wax. — ^This was determined by the Engler-Holde 
method. Two parts of absolute alcohol and one part of absolute 
ether are used as the solvent, from which the paraffin wax is 
precipitated on cooling to — 20''C. 

Asphalt. — The asphalt was determined by Holde's method, 
by weighing off I gram of residuum and shaking this with 40 
c.c. of gasoline which was free from unsaturated hydrocar- 
bons and which boiled between 65° and 95°C. After shaking, 
this was allowed to stand for 48 hours and the precipitated as* 
pbalt was dissolved in benzol, dried at 105°, and weighed. 
Accuracy greater than X per cent, was not claimed for these 
analyses. 

Sulphur. — 'The sulphur is sometimes determined by Burton's 
method of burning in a lamp, collecting the SO) and HtSO« 
in a solution of sodium carbonate, and titrating with methyl 
orange; and sometimes by the bomb. When both methods are 
used on the same sample the results are consistent. 

THE CRUBB PETROLEUHS OP THE Oa FTELDS OF CAUPORHU 

About 600 analyses of samples of crude petroleum from various 
districts in the oil fields of California, have been reported to 
date in the literature.' However, the most comprehensive in- 
vestigation of the physical and chemical properties of the 
petroleums of the state waS that recently conducted by the 
Federal Bureau of Mines, and accordingly the results of the work 
of Allen, Jacobs, Crossfield and Matthews' are presented in some 
detail below. 

The methods of collecting samples and making analyses em- 
ployed by Allen and his co-workers, merit brief description. 

' For a compilation of these analyses up to I9I4, sec Mineral Betourcai of 
the United Slates, 1913, ii, I127-I177. 

* Ttehnical Paper 74, Bureau of Mines, 1914. For additional data, see 
Ralph Arnold and Robert Anderson, "Geology and Oil Resources of the 
Coalinga District, California, with a Report on the Chemical and Physical 
Properties of the Oils by I. C. Allen," Bu«. U. S. Geol. Survey, No. 398 (1910), 
264-272; also I. C. Allen and W. A. Jacobs, "Physical and Chemical Prop- 
erties of the Petroleums of the San Joaquin Valley of California," BuJL 
19, Bureau (ff Minet, 1912. 
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Sampling.' — The samples, collected at the wells, were put in 
1-gal. tin cans that were soldered tight and shipped at 
to the laboratories where the analyses were made. The samples 
were taken, where possible, by allowing the oil to run from the 
outflow of the well directly into the sample can; where thia 
method waa impracticable, a dipper was used. After the can 
was filled it was soldered tight as soon as possible. Oil that had 
been exposed to atmospheric influences for even a short period 
was not collected. 

Specific Gravity. — The specific gravity was determined by 
means of the Westphal balance. 

Flash-point. — As most of the crude oils examined contained 
at least a trace of water, they showed a marlced tendency to 
froth when heated and gave considerable difficulty with the 
closed Pensky-Martens* flash tester, many frothing over at 
temperatures much below the flash-point of the oil. For this 
reason, and to obtain comparative tests, it was considered ad- 
visable to determine the flash-point of all the crude samples in 
an open Pensky-Martens cup, carefully screened from air currents. 
On account of the frothing of the samples, the temperature had 
to be increased slowly; a rise of 2° to S^C. per minute was found 
to give good results. The gas test flame, of the size and form 
recommended for the Abel tester,* was exposed for one second 
1 cm. above the surface of the oil, at each rise of l^C, beginning 
at 10° below the flash-point, as determined by a preliminary test.* 

Burning Point. — After the flash had been determined, the 
heating was conducted without interruption, exactly as before, 
until the "flash" became permanent, that is, until the oil ignited 
and continued to biu-n quietly. 

ViBCOsity. — The viscosity was determined in an Engler 
viscosimeter' at 20°C 

• For detailed methods of anmpling, aec I. C. Allen, " SpeciGpationa for 
the Purcbaae of Fuel Oil for the Government, with Directions for SamplinK 
(Ml and Natural Goa," Tech. Paper 3, Bureau of Mines, 1911. 

' Bbnedikt-Dlier, "Analyse der Fetl« und Wachaarten," 1908, pp. 
386-388, BovEHTON Hbdwood, "Petroleum and Its Products," 1906, 2, pp. 
563-5S4, HoLUB, "Unterauchung der Mineralole und Fette," 1909, p. 133, 

'BovEETON Redwood, " Petroleum and Ita Products," 1906, 2, pp. 566-567. 

* I. C. Allen and A. S. CROssriBLD, "The Flash-point of Oils, Methods 
»Dd Apparatus for Its Determination," Tedi. Paper 19, Bureaii of Mines, 
1913, pp. 17-21. 

' BENEDiKT-ULiER, "Analyse der Fett« und Wachsorten," 190S, pp. 58- 
61. BovEUTON Redwood, op. eit., pp. 602-603, 
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Calorific Value. — The calorific value was determined in a 
Berthelot combustion bomb' (Dinsmore- At water model). The 
British thermal units per pound were calculated by multiplying 
the calories per gram by 1.8. 

Sulphur.* — ^Sulphur was determined by carefully washing out 
with distilled water the contents of the bomb after the com- 
bustion, the sulphuric acid being precipitated with barium 
chloride in the usual manner, and the percentage of sulphur 
calculated.* 

Water.' — Water was determined during the course of an 
ordinary fractionation; it distilled over in those fractions having 
a boiling point between 100" and 150°C. under atmospberio 
pressure, and could be removed readily from the receivers with 
a micropipette and weighed. Usually a few drops of water 
adhered to the condenser and failed to nm into the receivers; 
in this eventj a small pellet of absorbent cotton moistened with 
water, squeezed as diy as possible and weighed, was fastened 
to a wire and run up into the condenser to remove these last 
traces of water. The weight of the drops was determined by 
the inci-easc in weight of the cotton pellet, 

Fractionation. — The fractionation was made in an electrically 
heated still,* and was conducted as follows; 

' ' ' Report on the Operii.tio:i8 of the Coal Testing Plant of the United States 
Geological Survey at the Louisiana Purchase Expoailiun, St. Louis, Mo., 
1904;" U. S. Geol. Survey, Prof. Paper 48, 1905, p. 179; and J. A. Bow- 
MDCKER, N. W. Lord, and E. E. Souf.rmbibr, "Coal," Bull. Oeol. Sunmu 
of Ohio, No. 9, 4th ser., 1008, pp. 420-424. 

* For detailed jnetboda for the determination of sulphur, see I. C. AiAW* i 
and I. W. RoBERt^oN, " Methods of Determining the Sulphur Content of V 
Fuels, especially Petroleum Products," Twft.Poper 26, BureaHo/Jlfiti«s,191t J 

* L C. .\i.LEN, " Relative Values of Fuels used on the Pacific Coaat," Mith W 
8d. Press, Dec, 8, 1900, p. 509. R. Arnold, R. Anderson, and I. C. 1 
Allen, " Geology and OE Resources of the Coalinga Oil District, Cahfomia," 
BuB. U. S. Geol. Survey, No. 388, 1910, p. 265. 

* For detailed methods for the determination of water, see I. C. Allen 
and W. A. Jacobs, "Methods for the Determination of Water in Petroleum 
and Its Products," Tech. Paper 2B, Bureau of Minea, 1912. On the use of 
calcium carbide in estimating water in petroleum and its products, see 
Roberts and Fhasbr, J. Soc. Chem. Ind., Sfl (1910), 197; and AtX£Nand 
Jacomb, Grig. Com. Slh Into-. Crmgr. Appl. Chem., 10 (1912), 17. 

' For detailed description of the still and method of distillation, see I. I 
Allen and W. A. Jacobs, "Physical and Chemical Properties of the PetP 
leums of the San Joaquin Valley of California," Hull. 19, Bureau of Mini 
19U, pp. 29-33. 
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Two hundred grams of the sample of oil were weighed into a 
K-hter flask of the dimensions shown in Fig! 14. The flask 
was then connected to a Liebig condenser placed vertically, and 
the diatiJIates were collected in weighed receiving tubes placed 
in a Bruehl receiver. The oil was distilled under atmospheric 
pressure at increasing temperatures up to 325°C., the receivers 
being changed at each increment of 25°. The temperature was 
then allowed to drop to 125''C., to keep the oil from boiling 
over when the vacuum was used, and the distillation was again 
continued under a va(;uum of 10 to 20 
mm. mercury pressure till the tempera- 
ture within the flask reached 325''C. 

Refining.' — The oils — naphthas, lamp 
oils, and lubricants — were further refined 
as follows: 250 grams of the oil were 
put in a 1-liter separatory funnel and 
shaken vigorou-sly; that is, 120 to 150 
shakes per minute for 15 min. in a shak- 
ing machine, as follows: four times with 
10 c.c. of concentrated sulphuric acid 
(or until the oil waa not appreciably 
colored by this acid treatment), once 
with a 10 per cent, solution of sodium 
carbonate to remove the free acids, and 
three or four times with water to remove 
the last traces of soda, etc. The oil was then dried with Glauber 
salt and distilled. This refining aeid treatment yielded a water- 
white, practically odorless product of excellent quality. 

Because' of their high viscosity, the heavier fractions (those 
distilled under a vacuum at temperatures above 250°C.}were 
diluted with one part of chemically pure benzene before sub- 
jecting them to the acid treatment. 

Naphtha Distillates (Unrefined Napkihas). — Those fractions 
that boil at temperatures up to 150°C., under atmospheric pres- 
sure, comprise the "unrefined naphthas." 

Kerosejie Distillates {Unrefined Lamp Oils). — Those fractions 
boiling between 150° and 300''C., under atmospheric pressure, 
comprise the "unrefined lamp oils." 

Unrefined Lubricants. — Those fractions boiling between 300°C., 

' On the separation and determinntion of paraffin, see Teckrtieal Paper 74, 
Bureau of Mirttn, 1614. 
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under atmospheric pressure, and 325°C., under a vacuum of 10 
to 20 mm. mercury pressure, comprise the "unrefined lubricants." 

AtphaUum Retidue. — That part remaining in the flask, unttis- 
tilled, is termed "aspbaltum residue." Id practically all of the 
oils examined this residue was a jet-black, lustrous mass, that 
was brittle at room temperatures and had a consstency much 
like ordinary taffy. It could be chewed, but was very sticky 
when slightly warmed; on solution in benzene it left no appre- 
ciable quantity of carbon fiecks. This showed that these 
aspbaltum petroleums, after removal of the oils distillable at 
temperatures up to 325*'C., under a pressure of 10 to 20 mm. of 
mercury, leave a residue of solid elastic aspbaltum usable for 
commercial purposes. 

Refining Losses.- — ^The above acid treatment causes a total 
loss of approximately 11 per cent, in the oil treated. This loss 
is too high and should be reduced. 
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THE AMERICAN PETROLEUM INDUSTRY 



Table XXX. — Couparibon of Rkpbbsentaitvb Cbude 
Petboleuhs frou Different Oil FiBU>a> 



PeonSylvaiua 

Ohio (Lima) 

niinoia (Randolph County).. 

Knnami (Wilson County) 

Oklahoma (Glenn Pool) 

Wwt Virginia 

California (Coalinga) , 

California (Kern River) 

California (Los Angeles) 

California (Whittier Field).. 

Texas 

Russia (Grozni) 

Rumania (BuBlenari) 

Rumania (Campina) 

Bunha (Yenangyat) 

Italy (ViUeia) 

Japan (Echigo) 



0.787 
0.915 
0.961 
0.971 
0.929 
0.910 
0.869 
0.842 
0.824 
0.840 
0.787 
0.862 



13.4 
35.4 

37.7 
17.8 
65.0 



Sp.tr, 

0.718 
0.728 
0.729 
0.720 
0.756 
0.711 
0.771 



0.773 
0.794 
0.730 
0.734 
0.729 



41.0 
37.1 
37.0 
38. 1 
42.0 
41.0 
34.1 
20.2 



39.8 
25.6 
29.8 
30.5 
49.4 
42.0 



0.798 
0.787 
0.797 



" Atcoleum UiDins." 1910> 
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CHAPTER V 

THE HISTORY OF THE PETROLEUM INDUSTRY IH THE 
UNITED STATES 

The Early History of American Petroleum, — While the 
petroleum industry of America is of recent origin, the crude oil 
was long used by the Indians.' The earliest mention of the 
occurrence of petroleum occurs in a letter dated July 18, 1627, 
and published in G. Sa^ard'a "Histoire du Canada et Voyage des 
Missionaires RicoUets," 1636, which describes a viait of a Fran- 
ciscan missionary, Joseph de la Roche d'AlIion, to the oil springs 
of what is now the town of Cuba, in Allegany County, New York, 
and mentions that the Indian name of the place signiiies " there 
is plenty there"' and that there is "a good kind of oil called 
Antonotons." In 1748, North America was visited by Peter 
Kalm, a naturalist, who, on his return, published an account 
of his travels,' together with a map on which the oU springs of 
Oil Creek, Pa., were indicated. 

^ Ancient oil-pit heaps, somBtimea supporting trees of the growth of cen* 
turiea, have been found in the vicinity of Oil Creeli, Pennsylvania. The 
primitive methods adopted for the collection of petroleum may be briefly 
mentioned in tliis place. Tlie earlieat aystom undoubtedly conaiated in 
Bkimming the oi! trom the surface of water upon which it had accumulated. 
It has been stated that at I'aint Creek, in Johnson County, Kenti!cky, a, Mr. 
Gburqb and others were in the habit of collecting oil from the sands, by 
making shallow canala 100 or 200 ft. long, with an upright board and a 
reservoir at one end, from which they obtained as much as 200 bbl. per year 
by stirring the sands with a pole. These ao-called "stirring places" re- 
sembled similar spots at Burning Springs, in West Virginia, which were 
similarly worked early in the last century. Larger quantities of petro- 
leum were obtained in remote times by the sinking of dug wells or shafts. 
Evidences of very old workings are to be fomid not only along Oil Creek, Pa., 
but elaffwhore in America. It may be noted here that Sib WaltebRaleioh 
publislied an account of the Trinidad pitch lake in 1505. 

'See, in this connection, Peckhau, "The Production, Technology, and 
Uses of Petroleum and Its Products," Washington, 1884. 

' "En resa til Norra Amerika," Stockliolni, 1763-1761. The map made 
by the missionaries Dollibb and Galin^b in 1070 (reproduced in "Histoire 
de la Colonie Frangaise," Paris, 1B66, S, 305) has marked on it "Fonteaine 
de bitume," near where the town of Cuba is now located. This is probably 
the first mention of petroleum made on a map of this country. 
197 
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The statement haa been made that in 1750 the Commander of 
Fort Du Quesne (Pittsburgh) wrote a letter describing certain 
reUgious ceremonies of the Indians wherein advantage was taken 
of the iiiHaramability of crude petroleum. It is now known that 
this letter was fictional, and owed its ori^n to Judge J, Thomp- 
son and Dr. Cyrus Dickson, who conjointly published in 1830 
an imaginary history of northwestern Pennsylvania in a Frank- 
lin weekly paper. ^ 

David Leisberger, a Moravian missionary, who visited the 
Allegheny regions in 1767, made the following report: "I have 
seen three kinds of oil springs — such as have an outlet, such as 
have none, and such as rise from the bottom of the creeks. From 
the first, water and oil flow out together, the oil impregnating 
the grass imd soil; in the second, it gathers on the surface of the 
water to the depth of the thickness of a finger; from the third it 
rises to the sui'face and flows with the current of the creek. 
The Indians prefer welia without an outlet. From such they first 
dip the oil that has accumulated; then stir the well, and when the 
water has settled, fill their kettles with fresh oil, which they 
purify by boiling. It is used medicinally, as an ointment for 
toothache, headache, swellings, rbeumatifim and sprains. Some- 
times it is taken Internally. It is of a brown color, and can 
also be used in lamps. It bums well." General Benjamin 
Lincoln, in a letter written in 1783 to Rev. Joseph Willard, 
president of the University of Cambridge, stated: "In the north- 
ern parts of Pennsylvania there is a creek called Oil Creek, which 
empties itself into the Allegheny River, issuing from a spring, 
on the top of which floats an oil, similar to what is called Bar- 
badoes tar, and from which may be collected by one man several 
gallons a day. The troops in marching that way, halted at the 
spring, collected the oil and bathed thcij- joints with it. This gave 
them great relief and freed them immediately from the rheumatic 
complaints with which many of them were affected. The troops 
drank freely of the waters — they operated as a gentle purge." 

At one time, petroleum was used in America as a cure for 
rheumatism,* bums, coughs, sprwns, etc., imder the name of 

' J. J. McLadrin, "Sketches in Crude Oil," Harriaburg, Pa., 18M, 17. 

*Tlua use is referred to by G. H. LosKiELin his "Gesehichteder Mission 
der Evangeliaciien Briider L'nter den Indianem in Nord Anierika" (1789) 
and in P. Citmino'b "Sketchea ot a Tour to the Western Country" (1807). 
See also Scott's "Gazelteer of tlio United Mtatea," Phiiailelphiii, 1796. 
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"Seneca oil," which was obtained near Lake Seneca, Allegany 
County, New York, the vicinity of which provided the earlier 
supplies. This oil spring was thus described in 1833 in the- 
American Journal of Science^ by Benjamin SUliman, Sr.: '.'The 
oil spring, or fountain, rises in the midst of a marshy ground; 
it is a muddy and dirty pool of about 18 ft. in diameter. The 
water is covered with a thin layer of petroleum, giving it a foul 
appearance, as if coated with dirty molasses, having a yellowish 
brown color. They collect the petroleum by skimming it like 
cream from a milk pan. For this purpose they use a broad flat 
board, made thin at one edge like a knife. It is moved flat 
upon and just under the surface of the water, and is soon covered 
by a thin coating of the petroleum, which is so thick and ad- 
hesive that it does not fall off, but is removed by scraping the 
instrument on the lip of a cup. It has then a very foul ap- 
pearance, like very dirty tar or molasses; but it is purified by 
heating and straining it while hot through flannel or other woolen 
stuff. It ia used by the people of the vicinity for sprains and 
rheumatism and for sores on their horses, it being in both cases 
rubbed upon the part. It is not monopolized by anyone, but 
it is carried away freely by all who care to collect it, and for this 
purpose the spring is frequently visited. I could not ascertain 
how much is annually obtained; but the quantity is considerable. 
It b said to rise more abundantly in hot weather than in cold. 
Gas is constantly escaping through the water, and appears in 
bubbles upon its surface," 

The existence of petroleum over a considerable area in the 
United States was, in fact, known at a very early period.' There 
are, however, no records of the systematic collection of the oil 
before it was obtained in comparatively large quantities from the 
brine welis or springs which were worked for the production of 
salt. Many of these wells, wlilch were extensively bored on the 
banks of the Kanawha River in West Virginia, were drUled to a 
great depth, and nearly all yielded petroleum and natural gas 
to a greater or less extent. So noticeable, in fact, was the asso- 
ciation of oil and brine, that surface indications of the occurrence 
of petroleum often led to the selection of the locality for boring 

» (1), 23, 97. 

' For B. detailed account of the very early diacoveriea of petroleum , see J. 
D, Uensy's "History and Hamance of the Petroleum Induatry," 1914, 1, 
43-fi3. 
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a brine well. While the presence of the oil was invariably re- 
garded as objectionable and often resulted in the closing of the 
salt works, it was collected and sold by a few as a curiosity and 
for medicinal use. 

In 1833, S. P. HDdreth wrote as follows regarding the early 
U90 of petroleum: " Jrom its tjeing found in limited quantities, 
and its great and extensive demand, a small vial of it would sell 
for 40 or 50 cts, ... In neighborhoods where it is abundant 
it is burned in lamps in place of spermaceti oil, affording a bril- 
liant light, but fiUing the room with its own peculiar odor. By 
filtering it through charcoal, much of this empyreumatic smell 
is destroyed, and the oil greatly improved in quality and appear- 
ance. It is also well adapted to prevent friction in machinery, 
for, being free of gluten, so common to animal and vegetable 
oils, it preserves the parts to which it is apphed for a long time 
in free motion; when a heavy vertical shaft runs in a socket, it 
is preferred to all or any otlier article. Tliis oil rises in greater 
or less abundance in most of the salt wells of the Kanawha, and, 
collecting as it rises in the head of the water, is removed from 
time to time with a ladle.'" In 1828, the use of petroleum for 
lighting the city of Pittsburgh was earnestly advocated; and in 
1845 Lewis Peterson, Sr., of Tarentum, Pa., entered into a 
contract with the Hope Cotton Factory at Pittsburgh, by which 
he was to supply 2 bbl. of crude petroleum per week for use as 
a spindle lubricant in mixture with sperm oil. This mixed 
lubricant was used at the Hope Factory for 10 years. 

A chapter (XII.) written by J. P. Hale, of Charleston, W. Va., 
for the volume prepared by M, P. Maury and W. M. Fontaine, 
and issued in 187G by the State Centennial Board, on the "Re- 
sources and Industries of West Virginia," contains an account of 
the drilling of "the first rock-bored brine well, west of the_ 
Alleghenies, if not in the United States," by the brothers Ruffner, 
about 1806.* This well, referred to aa " the legitimate precursor 

' Am. J. Set., (1), 34, 63. See also the interesting account in Chables B. 
Teboo's "Geography of Pennsylvania," ISIS. 

' The work of the Kcffners may be briefly described here. In their first 
attempt they employed a "gum," Consisting of a straight, hollow sycamore 
tree, about 4 ft. interoal diameter; this was sunk down by cutting away 
the quicksand beneath, until it touched rock at a depth of 13 ft. After 
cutting through this, the water rose freely, but was found to contain less 
salt than was obtained in the upper layers of quicksand, and the hole was 
abandoned. They then made another attempt, about 100 yd. from the 
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of all the petroleum wells of the country," was bored on the bank 
of the " Salt Lick," or " Great Buffalo Lick," to a depth of about 
58 ft., and was followed by the drilling of large numbers of wells, 
the Muskingum and Duck Creek Valleys soon becoming noted. 
To quote further from this report, "Nearly all the Kanawha salt 
wells have contained more or less petraleum, and some of the 
deepest wells a considerable flow. Many persons now think, 
trusting to their recollections, that some of the wells afforded as 
much as 25 to 50 bbl. per day. This was allowed to flow over 
from the top of the salt cisterns to the river, where, from its 
specific gravity, it spread over a large surface, and by its beautiful 
iridescent hues, and not very savory odor, could be traced for 
many miles down the stream. It was from this that the river 
received the nickname of 'Old Greasy,' by which it was for a long 
time familiarly known by Kanawha boatmen and others. At 
that time this oil not only had no value, but was considered a 

river, but the brine obtained was still too weak, and they returned to the 
Brat "gum," which they succeeded in driving to a depth of 17 ft. By dint 
of csrerul trimming and the use of thin wedgefi, tliey svicceeded in preventing 
the influx of water from the quiuksands above the bed-rock, which Ibey 
finally penetrated by the use of a spring pole, formed of a aapUng 40 or SO ft. 
long, fixed at an angle of about 30°, with its upper end over the well. The 
drilling tools, which comprised along iron drill with a 2J^-in. steel chisel-bit, 
were suspended from the pole; and, by pulling the end of the pole and then 
releasing it, the requisite motion waa imparted to them. At a depth of 
17 ft. in the rock, the drill penetrated a fissure, an increased flow of stronger 
brine resulting, but the drilling was continued, additional lengths being 
welded to the drill from time to time, until a sufficient supply of strong brine 
was obtained at a depth of 5S ft, from the surface. To raise the stronger 
brine without dilution by that which filtered in from above, the RiifTncrs 
constructed a long tube of two semi -cylindrical strips of wood, carefully 
fitting the edges and binding them together by a wrapping of twine. The 
tube thus formed was passed down the 2J'ii-in. bore-hole, with a bag of 
wrapping at the bottom to furrn a tight joint below. The brine then rose 
through the tube into the "gum," and was removed by buckets as from an 
ordinary well. This simple arrangement was soon replaced by tin tubes 
soldered together as they were lowered, and these again were supetsedod by 
copper pipes which screwed into each other. The wrapping consisted oF a. 
piece of buckskin or calfskin sewn up like a sleeve, about 12 or 15 in. long. 
This was slipped over the end i)f the tube, and, having been securely bound at 
the lower end, was filled to a depth of 6 or 8 in. with flaxseed, either alone or 
mixed with gum tragacanth. The upper end was then bound loosely to the 
tube, to permit the bag (« empty itself if it became necessary to withdraw 
the tube, and the arrangement was lowered. The seed soon swelled from the 
absorption of water and formed a perfectly water-tight joint. 
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great nuisance, and every effort was made to tube it out and get 
rid of it.' 

A well bored in 1814 to a depth of 475 ft. at Duck Creek period- 
ically discharged from 30 to 60 gal. of oil, together with large 
quantities of natural gas, at intervals of from two to four days. 
The following description of the "American" well, bored in 1829 
for brine at Little Pennox Creek, is from Nile's Register:' 
"Some months since, in the act of boring for salt water on the 
land of Lemuel Stockton, situated in the County of Cumberland, 
Kentucky, a vein of pure oil was struck, from which it is almost 
incredible what quantities of the substance issued. The dis- 
charges were by Qoods, at intervals of from two to five minutes, 
at each flow vomiting forth many barrels of pure oil. . , . 



P 




Fio. 15. — The Tarentum, Pa., brine wells, 



These floods continued for three or four weeks, when they sub- 
sided to a constant stream, affording many thousand gallons per 
day." This well yielded plentifully imtil 1860, and the oil was 
sold as "The American Medicinal Oil, Burkes\-ille, Kentucky."* 
About 1849, S. M. Kier, a drug^at of Pittsburgh, Pa., noticed 
the close similarity between the "American Oil" prescribed for 
the sickness of his wife and the petroleum obtained by his father 
from a brine well drilled to a depth of 400 ft.° at Tarentum, Pa., 
and commenced to bottle and retail the latter oil for medicinal 
use, soon effecting a sale of about 3 bbl. daily. "Kier'a Petro- 

■ (3), 18, 4. 

• BurfcestfiHe Courier, Oct. 11, 1876, 

■ The wells oF Samdel and James Ivier yielded about 2 bbl. ot petroleum 
a, day. On nn adioining property, the well ot Ibwin and Petbrbon pro- 
duced at irregulur intervals, in 1857, from 2 to 10 bbl. of oil per day. 
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' leum " was sold at 60 cts. per half'-pint bottle. Finding that the 
protluctioa far exceeded the sale, Kier began about 1855 to 
refine the oil in a roughly constructed still. The "light, wine- 
colored" distillate which first came over, was found useful for 
illuminating purposes, as "carbon oil," while the hea\'ier product 







Gelcbrulcd for its Uomlerful Curalife I'uwers. 

Procured from a Well in Alleghenv Courtly. Pem'a.. 

FOUR HUNDRED FEET BELOW THE f_*RTk3 -.UKFACE. 

SAMUEL M, KWm 

Vo. 36» LIBERTY SIREET. PITTSBURGH. PA. 



Fia. 16. — Reproduuliun of a circular issued by Samuel M, ICier, in 1860. 

Was employed at a Factory in Cooperstown for cleansing wools. 
Kier adopted the Downer process of refining in 1860, obtaining 
more satisfactory results. 

Petroleum vs. Oil from Coal. — Shortly after the introduction 
of James Young's process for obtaining paraffin and paraffin 
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Fig. 18. — Retort employed in the dbtillatioQ of bituminous cool (1860). 




Digitized by Google 



206 



THE AMERICAN PETROLEUM IffDUSTRY 



oils by tbe distillation of coal and shalcin Scotland,' a considerable 

number of " coal oil " refineries were erected in the United States. 

Abraham Gesner claimed to have lieen the first to produce 

illuminnting oil from bituminous materials in America; he 




I 



20.— The iil^ui of 



stated* that at public lectures delivered in Prince Edward Island 
in August, 1846, he burned in lamps the oil obtained by distilling 
coal. Patents granted to Gesner nine years later* passed into 

> See p. SOQ. 

■"A Practical Treatise on CrOitl, Pntrolouin and Other Dbtilled Oib,** 

2d ed., isse, B. 

» U. S. Patent 12612, Mnr. 27, 1866. 
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the hands of the North American Kerosene Gaslight Company, 
which manufactured the oil at ite works at Newtown Creek, 
Long Island, and sold it under the name of "kerosene oil."* 
Scotch "boghead" coal was distilled and a shipment was re- 




END ELEVATION 



general u 



ceived monthly. The agents of this company encountered 
considerable difficulty in disposing of their products. 

In 1853, the United States Chemical Manufacturing Company 
began working coal tar for the manufacture of lubricating oil 

' The North American Kerosene Gaslight Company, which vas organiwd 
in 1S54, first worked under the pal«nt8 of J. H. and Q. W. Austin. 
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at Waltham, Mass., and in 1857 the Downer Kerosene Oil 
Company' first made mineral oils from albertite, mined in New 




BROKEX UNB A~B OP PLJUJ (PIO. 23) 



Q-Ohlmuer 



in ol Bun Fl[>* 

Fio. 22. — The plan of an 1860 coal oil reBnery, hftving a daily capacity of 



Brunswick.* The large works of Downer in Boston were erected 
at a cost of half a million dollars, aod at Portland, Me., Downer 

> This Company was founded by Samcel L. Dowiter, of South Boston. 
The latter first put an oil on the market using the process of Lttther Atwood, 
which cooBisted in diatilling coal tar (1850). The product was sold under 
the.name "coup oil" and waa used for lubrication (Chandler, J. Soc. Chem. 
Ind., 19, 612). 

■ The lightest distillate obtained from albertite was termed "keroselene;" 
this was first prepared by Joshua Merrill in 1857 and was used in the auto- 
matic gas machines of that day. 
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erected a sDuQeT woria for disrilling imported codL About this 
time, the Xev Bedford CompuiT, at Ner Bedford, Ma»., 
cmuDeDced the distillation of ^bo^iead" coal, impart«l frtMa 
Scotland, bat later sabetitnted domestic Breckenridee coal and 
West Virgiiiia coal for tbe imparted okateriaL 

Id 18M, ox plants were erected by ranoos oompanieB Dear 
Pittsburg, Pa-, and one <rf these, the Locesco Company, had a 
dintilHng c^tadty of 6,000 gaL of crude oil pw day. Tfaia 
company had $120,000 invested in ita w<Mb, and in 1860 t«o 
Urge revolving retorts were in operati<m. ^xteoi 2,000-gaL 
stills weie used in the refinery. Many of the companies jn 
operation worked under licenses bwn the Young Company, of 
Scotland. In 1860 there were 53 coal oD companies in ezistoice 
in the United States; these were as f<^ow8: 

Adair ft Veeder, Pitl^orgh, P». 

Aladdin Company, Kiakinunetas, PB- 

AndeToon Company, Darlington, I^ 

Atlantic Company, Nmr York, N. Y. 

Beloni A Co., New York, N. Y. 

B<»ton A Portland Company, Boston, Maas. 

Breckenridge Company, Cloreiport, Ky. 

Brooks Company, ZanesvUle, O. 

Carbon Company, New York, N. Y. 

CoraeU A Co., Canfield, O. 

CoviogtoQ Company, Covington, Ky. 

Cox Company, Zaneaville, O. 

Dean Company, Cleveland, O. 

Downer Company, Boeton, Mass. 

Ea«t CambridKe Company, East Cambridge, Mass. 

Empire State Company, New York, N. Y. 

Enon Valley Company, Enon Valley, Pa. 

Eureka Company, New York, N. Y. 

Excelsior Company, New York, N, Y. 

Falling Rock Company, Kanawha, Va. 

Forest Hill Company, Kanawha, Va. 

Franklin Company, New York, N. Y. 

Gleodon Company, Boston, MasB. 

Grasselli Company, Cincinnati, O. 

Great Kanawha Company, Kanawha, Va. 

Great Western Company, Newark, 0.' 

Greers Company, Kanawha, Va. 

Hartford Company, Hartford, Conn. 

Himebaugh & Co., Coshocton, O. 

Kerosene Oil Company, New York, N. Y. 

> Jtf in. Mag., 9, (1857), I7S. 
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Knickerbocker Company, New York, N. Y. 

Long Island Company, New York, N. Y. 

Lucesco Company, Kiakiminetus, Pn. 

New Bedford Company, New Bedford, Mass.' 

New York and Wheeling Company, Wliooling, W. Va. 

New York Coal Oil Company, New Galilee, Pa. 

North American Company, KiakiminetBS, Pa. 

Orion Company, New York, N. Y. 

Page & Co., Boston, Mass. 

Palestine Company, Palestine, Pa. 

Peasley Company, Boston, Mass. 

Pictou Company, New York, N. Y. 

Pinkham Company, Boaton, Mass. 

Phoenix Company, Cincinnati, O. 

Preston Compuny, Virginia. 

Ritchie Company, Ritchie County, Va. 

Robinson Company, Perry County, O. 

Bherwood Company, Canfield, O. 

BtamFord Company, Stamford, Conn. 

Btaunton Company, Kanawha, Va. 

UnioQ Compaoy, Maysville, Ky. 

Western Company, Monongalia County, Va. 

Zephyr County, Now York, N. Y. 

On Mar. 4, 1858, A. C, Ferria sold the Kerosene Oil Company 
9 bbl. of Tarentum petroleum for $275.19, and Luther Atwood 
and Joshua Merrill, then in the employ of the Kerosene Oil 
Company, became very enthusiastic over the results which were 
obtained from the distillation of this crude petroleum. On Apr. 
3, 1858, Ferris made a shipment of 19 bbl. of crude oil to New 
York, for which he obtained 8581.47; but the supply being 
limited, no more "carbon oil" could be supplied to the New 
York company. When Drake demonstrated that petroleum 
could be secured by drilling and that it afforded an illuminating 
oil superior to any that could be manufactured from coal, the 
"coal oil" industry became paralyzed. All that had been 
invested by the Kerosene Oil Company in contracts for Scotch 
coal and in expensive equipment became a total loss. However, 
many of the other coal oil refineries were converted into petroleuin 
refineries and continued the business of manufacturing illuminat- 
ing oil. 

On Feb. 11, 1858, an agreement was made between MacKeown 
& Finley, of Pittsburgh, and A. C. Ferris & Co., of New York, 
by which the first party agreed to sell the second two-thirds of 

> Proe. Botim Soe. NaL But., September, 1809. 
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their whole manufacture of "carbon oil" at 60 cts. a gallon. 
On July 7, 1858, A. C. Ferris & Co. contracted to take the re- 
maioing third of the Pittsburgh company, less 2 bbl. a week, at 
75 cts. a gallon. The agreement was afterward extended 
for two years fi-om Jan. 1, 1859, 

A. C. Ferris & Co, by this time had succeeded in obtaining a 
good lamp for burning the new oil and were manufacturing in 
New York a fair quality of illmninating oil from the petroleum 
_ _ they secured through Mac- 

Keown & Finley from the 
Tarentum wells. The firm 
had likewise worked up a good 
market for the sale of their 
lamps and oil in the vicinity 
of New York. Colonel Ferris 
then visited Tarentum and 
commenced an oil shaft on the 
property of Irwin & Peterson 
at that place. This shaft was 
sunk to a depth of 220 ft. at 
an ex|>ense of $20,000. Later 
on Ferris purchased this en- 
tire property for $150,000 and 
organized the "Tarentum Oil, 
Salt & Coal Company." He 
stated that the first barrel of 
" carbon oil," as it was termed, 
was sold to Stout & Hand, grocers, at Gowanus, South Brooklyn, 
for 70 eta. a gallon. The early sales were generally in small 
quantities, together with a lamp to each invoice. 




FiQ. 24.— Col. A. C. Ferris- 



THE DEVELOPMENT OF THE PETROLEUM INDUSTRT> 
Having been shown some petroleum from Cherrytree Town- 
> For reviews of the statue uF the petroleum industry of the tlnit«d States 
at varioua times, the reader ia referred t« the annual volumes of Mineral 
Resources of the United Slatet oad of Minerrd Industry, and also to the 
foUowiaK reports: 1870: Burkaht, BeTg.-Hm. Z., 29, 373. 1873: Facck, 
idem, 31, 351. 1876: Moslbr, "Die Petroleum- Indus trie der Vereinigten 
Staaten von Nord-ainerika im Jahr 1876," Halle, 1876; Chandler, Am. 
Chemist, 6, 2S1. 1877: HOfeb, "Die Petroleum Industrie Nord-amerikas 
in geschii^htlicher, wirlischaftlicher, geologischor und tcchtiiscber Hinaicht," 
Vienna, 1877; Berg..Um. Z., 36, 16, 21. 1879 : Bollbs, " Industrial History 
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ship, Venango County, Pennsylvania,' George H. BLsscll, an at- 




FiG. 25.— George li. Kiascll 



of the United States," Norwich, Conn., 1870. 1884: A. N. Lbet, "Petro- 
leum DiBtillation," New York, 1884. 188B: S. F. Peckuam, "Census Re- 
port of 1880 on Petroleum and ita Products." 1886: Zcvcken, Oealerr. Z. 
Berg. Hiiil., 34, 51, 73, 8S, lOS, 125, 141, 175. 1887: B. Crew, "Prnctical 
Treatise on Petroleum," Philadelphia, 1887. 1888; Tchihatchev, Rev. 
■ deux MomUs, 89, 632; Hue, Gnrn. /urn., 2, 100; Stoop, Jaarb. Mijnw. Ned. 
O.-Ind., 17, 5. 1894 ; Ricus and Rottme, Ann. Minn, (9), S, 67; BiBUAiaN, 
/ai. Obsck. Gorn. Injuti., ISH, Noa. 5 and 6; Gulibchambarov, "The 
Petroleum Industry of the U.S.," Petrograd, 1804. 1B96: Wm.T.Brannt, 
"Petroleum and Natural Gas," Philadelphia, 1895. 1003: Sutherland, 
/'riroi.Bra.,4,633,661. 1904: ZALOOECRr. Afa/fWu, H. 212. 1908: White- 
snoT, "The Oil-Well Driller," 17, 134. 190K-1MT: Pietrusky, Petroleum, 
1, 401; a, 481; a, 630, 735; 4, 864; 6, 825. 1906: Wilua, Naphla. 14, 349. 
1910: Buititoccaa, Eng. A/in. J.. 89, 921; H. C. Geohoe, idem, 89, 131; 91, 
03; 93, 97. 1911: Lehov-Beaulied, J. P«(r., 11,36; Lazabe, uiim, 11, 243. 
'The first oil lease on record ia said to be the following: 
"Airsed, thii fourth day ot July, A. D. IMfiS, wilb J. D. Aaiiet. of Chsirytrev towiuhip, 
to tbe CouDly ot Vcbbuko. Pb., thst fas ihiiU npsir up aad kwp in order thu old ut spring on 
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•ceedi o( the oil, and Ihc bolannei if kay, to In oquilly divided, tlw 
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toraey-at-law of New York, joined Jonathan G. Eveleth of the 
same city in or^nizing a company, which was incorporated 
in New York, Dec. 30, 1854, as the Pennsylvania Rock Oil 
Company, with a capital stock of $2o0,000. Some of the oil 
from the Cherrytree deposits was sent to Benjamin Silliman, Jr., 
who, in a report dated Apr. 16, 1855, addressed to Messrs. 
Eveleth, Bissell, and Keid,' gave the results which he had ob- 
tained by a study of this "rock oil or petroleum," Silliman 
fractionated the crude oil by distillation, and, on examining the 
distillates, he came to the conclusion that certain of the bodies 
which they contained were products of distillation and were not 
present in the crude oil. He studied the action of various rea- 
gents on the fractions, the behavior of the distillates when cooled, 

OOK-hult !□ J. n. An^ec kod the otber hftlf to Btcwci. WbChd A Co., tar th« tull («riii ot St* 



Under thia agreement, Angicr proceeded to dig ditches and pits, and in 
doing BO frequently struck "pockcU" of oil (some of which contained a 
quart) in the gravel 3 or 4 ft. beneath the surface. When the ditches 
were first opened, from 4 to 6 gal. per day could be collected; but so much 
work was required to keep the oil flowing that the expenses consumed the 
profits, and, after a few months, the experiment was abandoned. 

The deed of the first property sold for oil purposes in Pennsylvania was 
made by Brewer, Watson & Co., of Titusville, and conveyed to George H. 
Bissell and J. G. Eveleth, of New York, 105 acres of land in Cheny- 
tree Township, Venango County, Pennsylvania. Actual consideration, 
S5,000 (125,000 was mentioned in the deed). This deed was dated Not, 
10, 1854, but was not fully executed until Jan. 1, 1855. 

The following copy of an early agreement is of interest: 

"Thu Aitmrnrnt, made thig IKh day of October, in Ibc yeu 1S61. by uid between Henry 
R. Rogeri and Chkttn P. Ellii. a( FairhsveD, .Muui^huKtts, and lIsmiltaD MeClintook, at 
MoClinlockrilLe, PennaylvanU. 

" WitnfUfth, that the uid Henry H. Rospra and Chulea P. Ellis, in eoOBidentioa of tbe 

to and with the laid HatniUon Mi^Clinlock, that Ihcy will r^Sne and deliver to tbe uid H. 
MoCliDtocli in tbe b«t manner bo much good oil, toRethcr with the naphtha and waate u 
tnly be cilracted Iron SO barrels of crude iHtroUum oil by one digtillation: and tbey fur- 

f urniahed by Ihc aaid H. MoClintock for the refined oil. 

"And the aaid Hamilton McClintock covenanls to pay to the aaid Henry H. Roaera and 
Cbarlefl P. KIHh, aiitecn cents for eaeh sallon of crude petroleum nit so refined, upon delivery, 
and the aaid H. McCIintock turlhermore agnea to fiffniah new iron-bound barrela for tbs 
reSned oil and to atand bia own ineurance upon hia oil and barrela while upon the premiaca ol 
the aaid Henry H, Roiere and Charlce P. Ellis. In witnna whereo(, we have hereunto aet 
our hands and ae^la the day and year firat aboTe-writtcQ, 

"Witness: "Henry H. Rogera. 

•■W. Asbbaugh. '■Cbarlee P. Ellia. 



> Republished in 1871 in Am. Chemitt, i, 18, 



I. MoClintook." 
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the value of the different oils as illuminating agents and lubri- 
cants, and their suitability for employment as a source of gas. 
Hia report — the presentment of the results of the first systematic 
investigation of petroleum- — gave important information on the 
chemistry of petroleum and determined its economic value; it 
is indeed a technochemical classic. 

Harmony did not prevail anionfc the mcml>ers of the Pennsyl- 



Pio, 26.— Benjani 
on Pennsylvania p' 
and on the combust 
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ihiioi'liemical claasieg 
iiii (IStt5 and 1867), 



vania Rock Oil Company and but little was done at the Venango 
oil springs. Accordingly, in March, 1858, Bissell and certain 
other members of the Company organized the Seneca Oil Com- 
pany,^ which leased a plot of land on Oil Creek from the parent 
' lathosuniineruri856BiseELi.coiicetved the idea of drilling for petroleum 
st Titusville, Pa., and consulted with Eyi:i.BTH, who favored the project. 
Not being 80 situalcd tliat they could undertake the eKperiment them- 
Belvea, they mentioned the matter to a Mr. Havbn's, of New York, who be- 
came so favorably impreesed that he offered them S500 if they would eeeurs 
him a letuse of the property of the PenoBylvania Rock Oil Company. After 
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company and started operations at Titusville, Pa., for obtaining 
the oil by means of artejiian wells. After many delays, the super- 
intendent, E, L. Drake, engaged two drillers who had been 
I employed in horing salt wells at Tarentum, Pa., and at the 
i 

beginning of 1859 work wa-s commnnfcd. Finding all attempts « 
at digging through the surface deposits to the rock, which i 

considerable delay the lease was obtained. HiVENa was required to pay 
12 cts. per gallon for nil the oil raised in 15 years, and was given one year in 
which to commence operatiuiis. He did not comply with tLe terms, and on 
Dec. 30, 1S57, another leaac waa made by some of the directors, contrary to 
the wishes of the others, to E. E, Bowoitcb And E. L. Dhake, at a roj'olty of 
GH cts. per gallon. This was soon supplemented by another restoring the 
royalty to 12 cts. and exteuding tho tijne to 45 years. On. this lease Um 
"Seneca Oil Company" was formed Mar, 23, 1858; it had the honor of 
i drilling the Drake well — the first "wildcat" in the Pennsylvanio oil regions. 
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to be penetrated by the drill, to be futile on account of the caving 
in of the shaft, Drake successfully adopted the expedient of 
driving an iron tube through the quicksand and clay to the rock, 
a system which has since been lurgely employed. After dritling 




to a depth of 69 ft., the drill suddenly dropped, on Aug. 28, 
1859, into a crevice, and on the following day oil was found to 
have been struck. At first the well yielded about 25 bbl. daily 
to the pump, but ite production rapidly diminished, until, at 
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the close of the year, it did not amount to more than about 15 
bbt. daily. The total yield during 1859 was under 2,000 bbl. 

The success of the Drake well directly induced the rapid 
development of the petroleum industry. Bissell immediately 




1 

4 



secured all the available leases down the creek along the A11&"1 
gheny River, and largely bought up the stock of the Pennsyl- 
vania Rock Oil Company. Others also secured many valuable 
leases, usually no rent being charged, but a royalty of one-eighth ^ 
to a quarter of the oil obtained being paid by the legseea. CooQ,^ 
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and Johns' and Henry' have collected a large amount of interest- 
ing information on the development of the industry along Oil 
Creek and its vicinity. According to Cone and Johns, "Com- 
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Oil Civek, Ponnsylviiiiiu (1864). 



mencing at Titusville in 1859, the tide of development swept over 
the valley of Oil Creek and along the Allegheny River, above 
and below Oil City, for a considerable distance. Cherry Run 
in IS64 furnished the first subsequent excitement. Then 



"Petrolia," N. Y., ISTO. 

"Early and Lftter History of Petroleum,' 
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came Pithole Creek, Benninghoff and Pioneer Run, The Wi 
and Stevenson farms on Oil Creek, near Petroleum Centre^ 
came in like succession in 1865 and 1866. Tidioute, or rather 
Dennis Run and Triumph Hill, was a promising candidate for 
public favor in 1867, and in the latter part of the same year, 
Shamburgh, on Upper Cherry Run, made ita brilliant d^butj 
For 1868 the Pleasant ville oil field furnished the chief excitement.'* 
In January, 1860, a pump was put into the Hamilton McCUn'^ 
took well, 2 miles above Oil City, and it started off at 60 gal. ^ 
minute. Operations then extended rapidly to Tidioute, Franklin, 
Warren and Tioiicsta, and a lieaxy oil well was struck afi 




Fio. 31.— A view orj Oil Creek, PennBvlvftnitt, about 18C5._ The sceai 
ahown waa the property of the McKinley Oil Company, of New York. , 

Franklin.' Barnsdall, Meade, Abbott and Rouse struck ol 
near Drake's well, at a depth of 80 ft. At that depth, however, i 
supply of only about 5 bbl. was obtained; but in February 
1860, at a depth of 160 ft., a second supply was struck, whid 
yielded 40 to 50 bbl. daily." Moat of the early wells on Ol 
Creek were sunk by means of the "spring [jole," which was used 
even to a depth of 400 or 500 ft. 

' Considerable interest whs inanifeated in the oil business at Erie uk 
several rcfineriM were located there soon after the striking of the Drake well 
Among the first refiners was Richard Gaoois, who began operations in ISflfl 
In the early sixties, the upper valley of Mill Creek, near Erie, was a cluster 8 
small pBtroleum refineries, among whioh were those of Jones and MrBHAT 
HtTGHsa and Weioht, Sloan and Doi:oi.ass, and Uammo.vd and Wilxim^ 

' Prom this well, between Feb. I and June I, 1860, 56,000 gal. of petro- 
leum were sold for $16,800. The total coet of drUling, etc., was $3,000. 
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It is worthy of meotion that, during the early days of the pe- 
troleum industry in America, drilling was carried on in quite an 
unsystematic manner, without regard to any geological or other 

features of the 
country, ex- 
cept such de- 
lusive indica- 
tions as were 
furnished by 
superficial 
outflows of 
oU, the rising 
la. 32. — Mdchmery employed in boring „f „„„ „„ . -i 
petroleum weUa, m use afiout 1865. f K*^ ^n« O" 
in wells drilled 
for water or brine, or the appearance of exudations of 
oil and semi-solid bitumen. The number of wells 
drilled was frequently far in excess of the number 
which should have been sunk. This was especially 
the case along Oil Creek, where leases of only a 
quarter of an acre were often worked upon, thus en- 
BuriDg the sinking of about twenty times as many 
wells as there should have been. 

The appearance of gas and oil in the brine wells at 
Tarentimi, Pa., and elsewhere, and the subsequent 
drilling of wells for the express purpose of obtaining 
petroleum, were the most potent factors in the early 
development of the industry in America; and the 
successive boring of neighboring wells, together with 
the energy displayed by the speculative "wildcat" 
prospectors, who drilled wells in untested territory, 
and in many cases regardless of any oil indications 
whatever, soon led to the mapping out of a large 
area of producing country in Pennsylvania and New 
York. The drillers in Venango County quickly as- 
certained that petroleum was contained in a series 
of sandstones embedded in shale; and three of these 
deposits, respectively termed the first, second, and 
third sands, and all included under the general name of oil-sands, 
were recognized. 

The first "flowing well" in the oil regions of Pennsylvania, was 
obtained in the summer of 1860 on the Buchanan farm, near 
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RousevUle; it waa called the "Curtis well" and waa a little leaa 
than 200 ft. dorp. 

On Apr. 12, 1861, Kincaid and Co. struck a. Ift-bbl. flowing 
well en the Clapp farm, and two days later Shearer and Co. got 
a 20-bbl. Bowing well on the same farm at a depth of 165 ft. 



"'''^M^\. 
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Fia. 33. — Inside view ot an early dcrriek. 

The "Fountain well," which waa sunk on the Upper McElhenny * 
or Funk farm, produced 300 bbl. daily for six months, and then 
stopped short, having, it was said, become choked by the solidi- 
fication of paraffin. The Empire well, drilled to the same depth 
on the same farm, was completed in September, 1861. It 
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iced to flow at the rate of 2,500 bbl. daily, and six weeks 
afterward its regular daily product amounted to 2,200 bbl.; but 
in May, 1862, the flow suddenly ceased. The well was ulti- 
mately cleaned out and yielded 300 bbl. daily to the pump for 
alx)ut nine months. 

The Lower McElhenny farm gave, among others, the "Davis 
& Wheclock well," flowing at the rate of 1,500 bbl. daily, and the 
Densniore wella, Nos. 1, 2, and 3, which daily yielded 600, 400, 
and 500 bbl., respectively. 

The "Maple Shade well," struck on Aug. 5, 1863, on the Hyde 
& Egbert farm at Petroleum Centre, started off at 1,000 bbl. 




Fio. 34. — A view of tho McCImtock or Cou.\ Oil Johnnj htoele fann, 
perhaps the most famuua oil property of IVunsylvania. The insert is & 
picture of Ejtcele. 



L 



daily, and is said to have given $1,500,000 profit, to its owners. 
The J. W. McClintock farm, afterward coveretl by the city of 
Petroleum Centre, consisted of 207 acres, and was the site of 
not less than 150 wells, nearly 80 per cent, of which was 
remunerative. 

At a depth of 491 ft., the Phillips No. 2 well, on the Tarr farm, 
was struck in September, 1861. It gave a stream of 4,000 bbl. 
daily, the yield" l>eing maintained at nearly that amount for 
months. The well, which is estimated to have yielded 750,000 
to 1,000,000 bbl., flowed for a year, and was then pumped. It 
produced largely for 12 years, but was finally shut down in 1873. 
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The Woodford well, a few roda from the Phillipa, yielded 3,000 
bbl. daily in December, 1861, and was found to be connected 
with that well, for, when either ceased working, only water could 
be obtained from the other. 

On the Farrel farm was the Noble & Delamater well, which 
flowed at the rate of 3,000 bbl. daily. It was sunk in Januaiy, 
1863, and continued to yield until 1865, having, it is estimated, 
produced $3,000,000 worth of oil. The Sherman well, on the 
Foster farm, Oil Creek, commenced at the rate of 1,000 bbl. 
on Mar. 18, 1862; it is said to have yielded 900 bbl. daily for two- 
year s. 

The excitement at Pitholc commenced on Jan. 8, 1865, when 



^ 




. ^j. — -The Pliillips anil Woodford welb 



the celebrated United States or Frazier well was struck on the 
Thomas Holmden farm in a ravine on Pithole Creek. This well, 
the property of the United States Oil Company, produced at the 
rate of 250 bbl. daily and oil was sold at $8 a barrel; but the yield 
gradually diminished and ceased in November of the same year. 
On the same farm were the Twin wells (800 bbl. daily), the No. , 
54 well (800 bbl.), the Grant well (450 bbl.), and the Eureka v, 
(800 bbl.; total production during life, 60,000 bbl.). Othra 
flowing wells were struck on the adjoining Rooker farm, and a 
the adjacent Hyner and Copeland farms; but, although all 
gave excellent results at the commencement (the Holmden farm 
producing from 3,000 to 4,000 bbl. when at its best), ni 
the wells yielded for more than a tew months. Pithole Cit 
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& typical "oil country" city.' Built up in an incredibly short 
tifne, it had a population estimated at 14,000 before the end of 
September, 1865, and its poat ofBce ranked next in iniportance 
in the State to those of Philadelphia and Pittsburgh. As, 
however, its production fell off, its prosperity rapidly declined, 
and within two years of its foundation it was practically deserted. 
Throughout the "oil country," as the producing fields changed, 
the population shifted with the fields, and the towns that had 
sprung from tlie wilderness vanished almost as quickly aa they 
had grown. 

Borings in the valley of the Muskingum, in Ohio, and on the 
little Kanawha were also attended with success. The develop- 
ment of the Mecca field in Trumbull County, Ohio, dates from 




Pig. 36— The "Red Hot" Bold, known primarily as the Twonihley 
Tract, which 6T8t yielded petroleum in 1SG9. This field was the scene of 
the uperationg of the firm of Wineor Brothers. (J. D. Henry.) 

1860, when boring operations were started on a large scale. 
Several thousands of barrels were taken out yearly for some time, 
but the greater number of the wells, which were very shallow, 
rarely exceeding 100 ft. in depth, were soon abandoned, and sub- 
sequent operations did not result in any large increase. In 
1860, an old brine well at Burning Springs, West Virginia, was 
reopened and yielded about 50 bbl. of oil daily; and the follow- 
ing year the Llewellyn well, with a depth of only 100 ft., flowed 
over 1,000 bbl. daily, and subsequently at the rate of 1 ,400 to 2,000 
bbl. daily for some months. Oil was also obtained in 1860 and 
1851 at Oil Spring, on the Hughes River. The occurrence of 
petroleum in brine wells in Washington County, Ohio, is referred 
to by Hildreth,* and several wells were drilled from 1860 to 1865 
at Cowrun and elsewhere in that district. 

' "The Hislory of Pithole" wub ptvpareil by C. C. Leonahu in 1867. 

*Am. J. Sei., M (1S3:{), 6.3; 39 (1S:J6}, 87. 



^^^^ 




FiQ. 3S.— C. D. Angall, a lurgt: pro- Fta. 39.— B. A. I'viiik, who played J 

dacer of petroleum in the early devol- a proDiinoat part in the earl^ de^ 
opment of the Pennsylvania fielda. velopment of the Pennsylvanm p^ 
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Fio. 40. — Hamilton MoClintock, oiie of tbo moat prominent o! the early 
(wl operators of Pennsylvania. Mr. McC!inU>ck was born on January 19, 
1820, and died on July 29, 1882. 
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Althougli wells had been drilled near the junction of the 
Clarion and Allegheny rivers as early as 1863, the development 
of the "lower country" lying in Butler, Annstrong, and Clarion 
counties, Pennsylvania, did not commence until 1868. 

The following statement shows approximately the early growth 
of the American petroleum industry: In 1859, the total pro- 
duction, which was wholly obtained from Oil Creek, amounted 




to about 2,000 bbl. In June, 1860, the wells along Oil Creek 
yielded about 200 bbl. daily, and in September, 1860, about 700. 
The yield then rapidly increased, owing to the discovery of 
flowing wells, until, during the winter and spring of 1861 to 
1862, it amounted to about 15,000 bbl. daily. The price ob- 
tained for the oil then fell bo low that production was largely 
arrested, until, according to Cone and Johns, "the production 
of 1863 was scarcely half that of the beginning of 1862, and 
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SECTION ON LINE C-D OF FIC.a 

Fig. 43. — A plan of the type of petroleum refinei; erected in the early 
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that of 1864 still less. In May, 186f, the production had de- 
clined to less than 4,000 bbl. a day, the valley of Oil Creek being 
the only producing locality at that time." It is estimated that 
some ten million bbl, of petroleum ran to waste in Pennsylvania 
prior to and in 1862, owing to the absence of a market therefor. 
The Oil City Register for June, 1, 1862, gives the following es- 
timates for the Oil Creek valley at that date: Daily production, 
5,717 bbl.; flowing wells, 75; wells sunk and in process of being 
drilled, 358; amount of oil in hand, 92,450 bbl.; total production 
prior to May, 1862, 1,000,000 bbl.; cost of sinking wells, J495,000; 
cost of machinery, buildings, tanks, etc., $500,000; total number 




Fia. 44. — A petroleum still of the type 



the early sixties. 



of refineries, 25. In 1865, a refinery capable of handling 2,000 
gal. of crude petroleum per day cost about $11,230. 

After the middle of the year 1864, the petroleum industry be- 
gan to expand, and the production has since steadily increased. 
For some years the Pennsylvania fields remained the principal 
source of supply,^ but a small quantity of petroleum soon began 

• For further information regarding the history of the oil regions of Penn- 
sylvania, the following literature should be consulted: 

Bone's "Petroleum and Petroleum Wella: Guide-book and Description 
of the Oil Regions of Pennsylvania, West Virginia, and Ohio," Philadelphia, 
1888; Buck's "Early History of Pennsylvania," 187G;CARLi,'8"ThoOil and 
Gas Region," Ann. Rept. Geol. Survey Pa., 1886, 676-78G; Cone and Johns' 
"PetroUa. A Brief History of the Pennsylvania Petroleum Region, its 
Ikvelopment, Growth, Resources, etc., from 1859 to 1869," New York, 
1870; Gillblen's "The Oil Regions of Pennsylvaaia," Pittsburgh, 18H; 
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to be produced in the etatea of Ohio,' West Virginia,' Kentucky," 

Harris' "History of the Venango OQ Regions," Titusville, Pa., 1866; 
HiDQWAr'a "Report on the Oil Diafrict ot Oil Creek in the Staf« of 
PennBylvania," /. Frank. Imt., 46 (1863), 269-73; and Wmoar'a "The 
Oil Rogiona of Pennsylvania," New York, 1866, The chronology of the 
Pennsylvania oil regions is given in detail in "The Derrick's Hand-book of 
Polroleum," Oil City, Pa.. 1898, 1, 18 et aeg. For a curious history of the 
Veniingo oil reeio". see Eaton's " Petroleum," 1866. 

The following table gives the range ot the market for Pennsylvania pe- 
troleum, 1860 to 1913; 
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1888 


1.00 


0.71,^ 


1906 


1.64 


1.58 


1871 


5,15 


3.40 


1889 


1-123^ 


0.79fj 


1907 


1.78 


1.58 


1872 


4.10 


3.00 


1890 


1-07?^ 


0,60?^i 


1908 


1.78 


1.78 


1873 


3.05 


1.00 


1891 


Q.81H 


0,50 


1909 


1.78 


1.43 


1874 


1.90 


0.45 


1892 


0.64^ 


0.50 


1910 


1.43 


1.30 


1875 


1.65 


0.90 


1893 


0.80 


0.52;^ 


1911 


1.35 


1.30 


1876 


i.2SH 


IA8H 


1894 


0.95?i 


0.78>2 


1912 


1.95 


1.30 


1877 


3.70 


1.53?i 


1895 


2.96 


O.MJ^ 


1913 


2.50 


2.00 



' Writing in 1887, Edward Orton, State geologist of Ohio, thus de- 
Bcribed the production and promise of the Lima field: "Drilling in the 
Lima field was begun in the spring of 1885. It was a year, however, before 
the oil producers entered vigorously upon its development. The wellson the 
Shade farm, south of the town, made the first significant departure from the 
day ot small things with which the work was begun. All these were Bowing 
wells. The early summer of 1886 marked the beginning of rapid develop- 
ment. The production of single wells increased from 60 and 70 bbl. to 100 
bbl. a day, and presently, in the Hume well, to 250 bbl. a day, and a little 
later to 700 bbl. in the Tunget well. To the southward, great wells were 
presently found. The Ridcnour farm, the Hoeston, Mooro, Ditzler, Ballard, 
Lehninn, Ooodenow, and Spear farms all became centers of large and certain 
production. By Oct. 1 the character ot the field had come into clear view 
as second to none yet found in the United States in volume of production. 
During September, 1886, 33 wells were added to the 128 previously drilled. 
Of these one was dry. The total production of the now wells was 2455 bbl. _ 
daily, showing an average of 75 bbl. to the welL Six of these wells were 
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credited with aa a^n^te production of 1,300 bbl. daily. In November, a 
number of other great wellfi vas brought in, and the Douglas, Crumrine, 
Boop, Mechling, McLaid, and other farms were added to the prolific areas. 
A well drilled during this month on the Alonzo McLain farm. Section 13, 
Shawnee Township, reached a production tor ita first day of nearly, or quite, 
1,000 bbl. This well is still flowing (18S7) at the rat« of 150 bbl. a day. 
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Fin. 46. — The section of a vertical washer of the tfpe in uw ii 



The largest production in the Lima field for a single day ia that of a well on 
the J. W. RJdenour farm, Section 18, Perry Township. It put into tanks 
in the Grat 24 hr. 2,760 bbl. of oil. . . . On the Ist of May there were 444 
wells in the Lima fields" (8lA Ann. Rep. U. S. Otid. Survq/, 1890). 

■ Up to 1876 West Virginia is eetimated to have produced 3,000,000 bbL 
In 1 SS9, the output from ita 623 producing wells amounted to 544, 1 13 bbL, of 
which the Turkey Foot and Mount Morris fields gave about two-thirds. 
In 1892, tho production was' 3,810,086 bbl., while in 1893 it amounted to 
8,445,413 bbl. and in 1903 to 12,899,395 bbl., after having reached upward 
of 16,000,000 bbl. in 1900. From 1003 to 1907 the production steadily 
docllned, and was somewhat in excess of 9,000,000 bbl. in the taat of these 
years. Ihiriag the following two yeais there was a alight increase to 
10,745,092 bbl. for 1909. 

* In Kentucky much prospecting y/ea earned on prior to 1890 in Barren, 
Clinton, Cumberland, Pulaski, Russell, and Wayne counties, but the only 
production reported in ISSd was from Boyd's Creek, in Barren County, and 
tbia amounted to S,400 bbL In 1891, 9,000 bbl. were produoed, but the 
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Tennessee,' and California.* After 1884 the production of Ohio 




output then declined, until in 18ft7 only 322 bbl. were obtained; the prct- 
duction then began to increase very rapidly until 1905, when the output from 
Kentucky and Tenneaaee was 1,217,337 bbl., of which Tennesaee only pro- 
duced about 10,000 bbl. 

' The operationa in Tennessee date from 18S3, but for 10 years the only 
important results were those obtained in the Bobs Bar well, drilled in lBd6, 
which at first yielded 5,000 to 6,000 bbl. annually; practically all the oil 
produced in Tennessee came from this well down to 1904. In that year 
Bome development took place at Poplar Cove, Fentress County, a few miles 
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Fia. 48. — Tho longitudinal section of a horizontal washer and tanks (1865). 
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north of Bubs Bar, and several good wells were obtained, leading to the 
extension of the Cumberland pipe line into the new district in 1!M)5. In 
Bpite of this, the production declined rapidly; in 1915, however, Tennesaeo 
again became a producer. 

'Until 1881 the production of petroleum in California was not large, the 
output in 18S0 being but 40,552 bbl., mainly derived from Ventura, Los 
Angeles, and Santa Barbara districts. Since that time it has rapidly 
increased, and California became first in the rank of petroleum-producing 
states, the yield in 1903 being nearly 24,382,472 bbl. In 1907 and 1908 
Oklahoma produced more petroleum than California, but in 1909 the 
latter again held first place n-ith 54,433,010 bbl. and in 1910 the production 
vae over 73,000,000 bbl. 
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rapidly increased, and that of West Virgmia after 1890; from t 
same date that of California also increased steadily to r 
30,000,000 bbl. in 1904, and Colorado and Indiana began to co^ 




_ _ —A West Virniiiia petro- 
leum well of 1865. Depth, 150 ft. 
The cost of sinking a petroleum well 
600 ft was estimated, at that time, at 
S7 000 

tribute appreciable quantities to the 
total supply. Very small productions 
were also recorded from Illinois,' 

In a memorandum on the subject of the 

I of the Gupplios of Californian pe- 

iriltum addressed to the Secretary of the 

I I nor Gboroe Ona Smith, tlie Director 
I (he U S. Geological Survey, eatimatea 

I I quantity of petroleum remaining under- 
imd at about 7,000,000,000 bbl. 
Down to 1902 the only production of 

I irulcum in Illinoia waa near Litchfield, 
Montgomery County, where some 1,460 
bbl were obtained in 1SS9, and several 
hundred barrels each year till 1902 when 200 bbl. were obtained. The 
whole of this oil was used as a lubncant but no production was recorded 
in 1903 OF 1904 

During the early oil rush in Fennsi Ivania, some wells were drilled in 
Clark Count) nimois a tew miles north of the town ot Casey, at a place 
called Oil Field and these were reported to have met with email showings 
of oil. Id 1904 a Pittsburgh group drilled a well very close to these old 
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Kanaaa,' Texas,* Missouri,' and Indian Territory at the begin- 
niflg of the last decade of the nineteenth century, but toward 
its close, Kansas and Texas began to develop their petroleum 
resources to a fuller extent, and Wyoming also appeared on the 
list of producing states. 

From 1901 to 1904, while the eastern fields showed a decline, 
California, Texas, and Louisiana, with the Indian and Oklahoma 

tests, obtaining a alight showing of oil and gas. A second boring resulted 
in a 35-bbl. well, and in 190^ some 300 wells were drilled, extendiiiK the 
field through Clark to Cumberland and Crawford counties. There w.ere 
three principal areas, one between Caaey and Westfield ia Clark, another 
soutlieaat of Casey, and the third near Robinson in Crawford. The first of 
these was in 1905 connected by pipe line to the Cincinnati, Hamilton and 
Dayton Railroad at Oil Field Station. The production in 1905 was 181,084 
bbl. 

' Operations have been carried on in Kansas since 1865, when two wells 
were sunk about 10 miles east of Paola. In 1873, a boring, 7 miles from 
Paola, near a large tar spring, met with a strong flow of gas at 320 ft. and 
woa abandoned. In 1888, a very heavy blaek oil was found, and in May, 
1SS9, a good oil-eaml was struck at 330 ft. In 1890, 13 produuing wells 
were in operation in the Russell tract, and in 1894 the output amounted to 
about 40,000 bbl. More active development then commenced, and in 1896 
the production waa 113,571 bbl., though it declined in 1899 to 69,700 bbl. 
After 1900 the industry began to develop with the discovery of new sources 
of oil at Chanute in Neosho County, and at Humboldt in Allen, the previous 
production being almost entirely derived from Neodesha in Wilson County. 

* The first development of the petroleum industry in Texas was in the 
sixties, when oil wasiound near Nacogdoches at a depth of about 100 ft., and 
a few wells flowed to a very limited extent. A pipe line whs constructed, 
and storage tanks butit; but the industry remained in a stagnant condition 
for many years. In 1895, the amount of oil obtained was only 50 bbl. In 
1893, however, petroleum had been found at Sour Lake, at a depth of 230 ft., 
and in 1894 it was discovered near Corsicana, from which neighborhood 
about 1,000 bbl. were obtained in 1896. In 1S97, the output had increased 
to nearly 66,000 bbl. and the next year to 546,000 bbl. 

• la Missouri only 20 bbl. of oil were reported as produced in 1889. The 
product resembled that of Paola, in Kansas, and was all obtained from one 
well in Boone Township, Bates County. Much prospecting for gas has 
been carried on in the State, but the only commercially available supplies 
have been obtained in Bates, Cass, Clay and Jackson counties. The wells 
arc about 400 ft. deep, and are supplied by a reddish sandstone from 10 to 40 
ft, thick, which sometimes also contains a thick black oil. Gas to the value 
of $35,687 was produced in 1SS9, but only to the value of $2,154 in 1902, 
which was, however, more than in any year since 1895, In 1902, oil of good 
lubricating quality was found at Belton, Cbbs County, together with natural 
gas, which is utiliied for heating and illuminating purpoaos. The gas was 
obtained at a depth of 366 ft., and the oU frum 340 to 490 ft. 
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Territorios, Kansas, and Indiana,^ increased their production 
to a remarkable extent. Down to the end of 1904 the entire 
output of petroleum in the United States since its discovery in 
quantity in 1859 was estimated at 1,382,815,006 bbl., which 
sold for $1,363,069,897, an average price of 98.6 cts. per barrel.' 

According to the annual reports of the United States Geological 
Survey, the most important features in connection with the 
production of petroleum in this country during the five years 
1904-1909 were as follows. 

In 1904 there was a continuation of the remarkable increase 
in the production of an inferior grade of petroleum in California, 
Texas, and Louisiana, and of the increase in Kansas and Indian 
Territory of the production of a fair grade of petroleum; for the 
first time in the history of the petroleum industry the quantity 
produced west of the Mississippi Uiver was greater than that 
produced east; there were new fields developed in Texas, Cali- 
fornia, and Kansas; the regularity of the sum of production of 
the older fields continued to be remarkable; there was an in- 
crease in the demand for refined petroleum throughout the 
United States, especially for the hghter grades used in internal- 
combustion engines, and there was an increased quantity of the 
heavier crude petroleum produced in Louisiana, Texas, and 
California consumed as fuel. 

In 1905, the development of the Mid-Continent field and the 
extension into Illinois of the Lima-Indiana field indicated a great 
increase in the future production of the lighter grades of oil, 
while the production of the ea.'^tern fields showed signs of per- 
manent decrease. The completion of the pipe line from Hum- 
boldt, Kansas, to 'Wliiting, Indiana, maiked another step in 

' The oil inilustry of Indiana developed with remarkable rapidity between 
1891 and 1904, but since that date the production has declined with even 
greater speed, In 187 1 , T. Stbrrt Hunt (.A m. Not., 6, 575) stated that a well 
sunk at Terre Haute for water was carried to a depth of 1,900 ft. and yielded 
about 7 gal. of oil daily. A second well, a qoarterof araile eftat-by-^orth from 
the first, yielded25bbl. daily, at a depth of 1,825 ft. Formanyyeareonly very 
email results attended the efforts of prospectors. The output during 1SS9 
from the districts of Terre Haul* in Vigo County and Montpelier in Black- 
ford County, the only fields included in the Eleventh Census Report, was 
33,375 bbl. In 1890, the output from the whole of Indiana was 63,496 
bbl.; in 1891, 136,6.34; in 1892, 698,068; in 1893, 2,335,293 bbl. And from 
that time it steadily increased to 5, 757,088 bbl. in 1901, and 11,339,124 bbl. 
in 1904. Tlie production in 1909 was only 2,296,086 bbl. 

) OuPHANT, Mineral Remmrcea of the United Stalei, 19M. 
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the transportation of oil. In 1906, there was an ejctenfiion of the 
area of the Mid-Coatinent field, and an increase in the daily 
productionof oil in that region; anexiiansionof theareain Illinoia 
from which oil was being produced; considerable growth in the 
consumption of fuel oil in California; decline in the production 
from the Coastal Plain district of the Gulf States; and further 
decrease in the average daily production from the Appalachian 
field. Additional transport facihties were provided by the laying 
of a 6ocond pipe line across the Isthmus of Panama for the 
delivery of the oil from the Californian field to the Atlantic 
Ocean. In 1907, there was a total output of crude oil far in 
excess of that of any previous year, with an unparalleled ac- 




Fici. 51.— ThL- north cxU'iision of the Gushing field [191.5). 



cumulation of stocks; and great increase in production in the 
new Illinois field, in the Glenn pool in Oklahoma, and in Cali- 
fornia. In 1908, there was a steady growth in the production in 
Illinoia and California, and a decline in the production in the 
Glenn pool and in various Texas and Louisiana pools. In 
1909, California was the chief center of attraction, the production 
increasing to the extent of 21.35 per cent., but Oklahoma and 
West Virginia also showed some gain. In 1910, a further increase 
of 31.62 per cent, was recorded in California, and Louisiana more 
than doubled its output; the production of oil in Wyoming also 
began to assume importance. 

The Gushing pool, in Oklahoma, waa extended in various 
directions in 1913; its output decreased for a few months, and 
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then, with active drilling to establish extensions on the south, 
southeast, and north, the product, which had declined from 
30,OCO to 16,000 bbl., gradually rose again to over 30,000 bbl. 
a day. Juat at the close of the year a well on the edge of the 
Cushing region was drilled 600 ft. deeper, to the Bartleaville 
aand, and a sensational flow was encountered. This started the 
general policy of drilling to the thick and prolific Bartlpsville 
aand, and oil came with a rush. Stocks were accumulating 
heavily at the end of the year. Late in September a small 
amount of oil was obtained in a well drilled near Hcaldton, 
Carter County, iu the southern part of Ihe Stale. By the close 




FjQ. 62.— Oilton, Oklahoma, on January 20, 1915. {Courtesy of EJward 
E. Bartlett, Sapulpa, Okla.) 

of the year several other wells had been drilled in that locality 
wliich were sufficiently successful to arouse the excitement that 
proved justified in 1914. The prices of Mid-Continent oil began 
to decline on Apr. 8, 1914; and as the ever-increasing flood of 
Cushing petroleum began t« invade the markets of the Appa- 
lachian crudes, they, too, began a retrograde movement on 
Apr, 17, 1914. 

At the close of 1912, consumption in California had so nearly 
balanced production as to encourage the producers and to defeat 
concerted elfort toward the restriction of drilling. Many of 
the welts of 1913 were gushers of the phenomenal type and 
aided greatly in increasing the supply. The efforts to increase 
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consumption succeeded fairly well, so that, except during the 
month of greatest production, September, when about 9,000,000 
bbl. were produced, conaiunption almost kept pace with output' 
and the quantity sent to storage was leas than 1,000,000 bbl. 
The Fullerton field continued to yield large gushers with suffi- 
cient frequency to justify the expense in reaching the unusual 
depth of the oil sands. The "West Side" fields of Kern County 
continued as strong factors in increasing the output of the 
Sf^te, and the Buona Vista Hills, Elk Hills, and other new dis- 
tricts gained in interest. Even the comparatively old Kern 
River field, near Bakersfield, sustained interest by wUtlcatting 




to the northwest, where the Standard Oil Company's wet! went 
into oil and aroused geologic and financial speculation over a 
large area. The product of the field, however, declined. Coa- 
linga's year had many eventful features, including extensions of 
territory to the east and the discovery of additional deep sands 
yielding oils containing paraffin. In 1914, California markets, 
though exempt from the specific influences affecting markets in 
the Eastern States, were, however, subjected to depressing 
influences of local origin, resulting from an increased output of 
lighter gravity oils in the Whittier-FuUerton district. 

As to Texas and Louisiana, the Elcctra and the Burkburnett 
fields in Texas progressed satisfactorily in 1913, and a new field 
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was developed at Moran, in Shackelford County. In the Gulf 
field, Sour I^e furnished a surprise by yielding gushers sufficient 
' to increase the total yield and to contribute to a decline in prices. 
It became evident during the year that the prospects of increase 
in the Gulf region, together with the abundant Mexican field, 
presage a plentiful supply of fuel oil. The Caddo field proved a^ 
irregular as in previous years, but gushers were so frequent and 
so large as to keep up the supply. To the south the De Sota 
region furnished several large gushers. The consequent ex- 
citeniont was tempered by the advent of wiiter fiom a substratum, 

but tlic iniporhilliv nf |ii<. ,<-inn sv:,-- ^^ipi'.n^tr.h.'i. 
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The study of the domestic production of petroleum yields a 
story of progressive ma.\lma, until in 1913 the product reached 
248,446,230 bbl., or 33,126,164 metric tons. The yield of 1912 
was 222,935,044 bbl., or 29,724,673 metric tons. Although the 
product of 1912 exceeded all previous records, the yield of 
1913 surpassed it by the greatest gain in any year since 1910. 
In fact, the increase of 1913 over 1912— more than 25,000,000 
bbl. — was greater than the total production in any year until 
1880, and the output of 1913 equaled the total production.of the 
United States for the first 25 years of the industry. The produc- 
tion of the United States in 1913 was greater than the world's 
production in 1906. 

Still more remarkable in regard to the growth of the domestic 
oil industry is the amount of money received by the producers. 
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In 1912 this amounted to $164,213,247, or an average of 73.7 
eta. a barrel, and in 1913 this average was 95.4 cts. a barrel, or s 
total of $237,121,388, a gain of $72,908,141 over 1912. This was 
the greatest gain for any year in the history of the ind\istry, and 
the gain alone outvalued the total receipts for oil in any year up . 
to and including 1899 and was greater than the value of the oil 
in all years combined up to and including 1866. 

Measured by the marketed production (265,762,535 bbl.) the 
year 1914 was the greatest in the history of the crude petroleum 
industry. Second in importance to the phenomena! yield of 
petroleum in 1914 was the trend of the crude oil market during 
that year, which was characterized by a depreciation in price 
affecting in varj'ing degrees every type of high-grade oil produced. 

Statistics show the quantity of oil produced in the United 
States from the beginning of the industry in 1859 down to the 
end of 1914 to be 3,335,457,140 bbl. and the total value to be 
$2,789,829,745. According to John D. Northrop, of the United 
States Geological Survey, the marketed production of petroleum 
in the United States in 1915 approximated 267,400,000 bhi., and 
the total yield approximated 291,400,000 bbl,, about 24,000,000 
bbl. of oil brought to the surface during the year being placed 
in field storage by the producers. 

In 1914, the conditions of oil production in the United States 
developed into a position involving in all probability radical 
change in the economic conditions 6f the oiLindustry. The pro- 
duction and the known productive capacity of the oil lands in 
Oklahoma increased beyond all expectation and reasonable de- 
mands, and the extension of oil fields in Texas and Louisiana 
indicated a possibility of further floods of oil that would require a 
rearrangement of the productive system. The condition in 
Oklahoma threatened the axiom that "oil has an instant spot 
value." So long as oil can be taken from the ground and sold 
for more than the cost of production, so long will active drilling 
be continued and so long will agreements as to limiting produc- 
tion fail. The point at which the exploration for oil in a new 
region is no longer logical and the drilling should, therefore, 
naturally cease, depends upon the yield of the wells when drilled. 
Oil was probably profitable at 10 cts. a barrel in Texas in 1901 
on account of the size of the wells j-ielding it at Spindlctop. 
But at this price all pumping wells would now be unprofitable, 
and even small flowing wells would not tempt the driller. It is 
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the uncertainty of the size of the well which may be obtained 
that tempts the speculators in a new region and clouds any clear 
and rational plan of development of oil territory. The specu- 
lative tendency is well illustrated by the fact that in many parts 
of the United States (e.g., in Colorado and Nevada) oil-sbalea' 
could be mined and distilled for the production of oil on a basis 
as safe and sane as the mining of coal. Nevertheless, few 
prominent oil producers would leave the speculative thrill of 
the oil fields for the unexciting development of oil-shales. 

According to the United States Geological Survey, the solution 
of the problem of sufficient stock of oil for the enormous refining 
capacity of the United States must in the future rest chiefly on 
more accurate knowledge of the supplies of oil under ground, and, 
based upon this, the consequent apphcation by the State of rigjd 
rules whereby it shall become impossible for one operator to 
interfere with the oil contained in the property of another, 

The Transportatioii of Petroleum.* — One of the first problems 
which confronted the oil producer was that of transportation. 
The oil wells along Oil Creek and the Allegheny River, in Pennsyl- 
vania, were many miles from a railroad, in a lumber district 
where there .were often no roads, or at best very poor ones, 
scarcely more than trails. Oil City was the nearest shipping 
point and Pittsburgh was the largest distributing center. Crude 
oil was put into iron-hooped barrels made of oak and holding 40 
to 42 gal.j was loaded on trucks, and then hauled to Oil City. 
Barges were then loaded with barreled oil or were made into 
tank boats and the load floated down Oil Creek to the Allegheny 
River at Oil City. During most of the year Oil Creek was, 
however, a shallow stream, and the novel plan of slack-water 
navigation was resorted to. The water in the streams tributary 
to Oil Creek was held back by dams until sufficient quantities 

' See pp. 807 to 844. 

'For li gpneral consideration ot the transport of petroleum, see Baxtbh 
and Atkins, J. Ind. Eng.Chem.,9(.1917), 978; Calmbl, J. Pitr., 1 (1901), 
3, 2t, 40, 55, 71; on its transport in bulk, see Flannbby, Proc. Second 
Internal. Maril. Cong., 1893, sect. B, 62; and Henry, Coinpt. rend. 
Cong. Internal. P&role, seas. 3, S, 853 (1910); on the evolution of the 
tank Bteamer, see Hbnby's "Tliirty-five Years ot Oil Transport," London, 
1907; on the transport ot petroleum in Pennsylvania about 1880, see IIbrr- 
MANM, Wochensehr. Ver. Deutach. Ing., 1880, 393; G. H. Little is the 
author ot a work on "The Marine Transport ot Petroleum," London, 1890; 
Redwood has discussed the subject at length in Proc. Inst. Citi. Eng., 118 
(1894), 177. See also p. 450. 



PETROLEUM IStiVSTHY IN THE UNITED STATES 245 

had accumulated; and then, at a fixed hour, each body of water 
was in turn released, filling the main stream for a short time with 
a flood. On this the barges of oil were carried 'down to their 
destination, warning having been ^ven so that the boatmen 
along the stream might be ready to take advantage of the tide 
as it passed. 

In 1862, the Atlantic and Great Western Railroad was extended 
into the oil region. In 1866, the Allegheny Valley Railroad was 




Fin, 55. — The first lai^e pumping station erected in the Pennsylvania oil 
regions. This waa located at the National Wells, about two and one-halt 
milea from Pleasant vUle, and waa operated by the Titusville and Tidioute 
Piping Lino Company. The station was equipped with a 50-hp. Woodbury 
and Booth boiler, and a 30-hp. portable bouer, and with two Niagara 
pumpe. Petroleum was pumped to Titugville, Tidioute, and Pithole. 
(Henry's "Iliatory and Romance of the Petroleum Industry.") 



opened up from Oil City, at the mouth of Oil Creek, to Pitts- 
burgh, and a number of narrow-gauge lines were constructed aa 
feeders into the heart of the producing country. At first the 
barrels were loaded on flat cars; but the leakage was bo great that 
wooden tank cars were built in 1865, which had two wooden 
tubs or vats, each holding about 2,000 gat., placed on an ordinary 
platform car. In 1871, cars consisting of a horizontal cylindrical 
tank of boiler plate, mounted on a four-wheel platform or rail- 
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road truck, appeared. ' These were at first of no greater capacity 
than the wooden cars they displaced, but have been gradually 
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One o( the «te»r(i pumps mflnufacfarfld by Rf^d and Coii^wcli, i^mii.w:!!, 
Ubeily Slroel, Ntw Ydrk. lor mo on the fiist pipe line. 

Fio. 56. — Ciigmcs and pumps in use during the early development of IhiBi 
oil fields 01 northwestern Penney Ivwiia. 

increased in size, until many are now of 8,000 gal. capacity each. \-^ 



' There were, ii 
2,600 iron bulk ci 



1873, on idl the railroads that handled petroleuot, about 
re, of an average capacity of 85 bbl. to a car. 



But the magnitude of the petroleum industry made it necessary 
to find some mode of transportation even cheaper than a railroad, 
and the pipe line displaced the car and boat. The introduction 
of this mode of transporting oil marks an era in the petroleum 
industry. When this system was introduced, the cost of trans- 
portation was so much reduced that a few enormous refineries 
were built at the seaboard near New York, Philadelphia, and Balti- 
more, and on the shores of Lake Erie, near Buffalo and Cleveland, 
to accomplish what the almost countless small refineries in the 
oil region had heretofore done. 

S. D. Kams, in November, 1860, proposed to lay a 6-in. pipe 
from Burning Springs to Parkersburg, W. Va., through which the 
oil would flow by gravitation to the Ohio River, a distance of 35 
miles. This pipe line was never constructed; but in 1862 L. 
Hutchinson, of New York, laid a line on the Tarr Farm to convey 
the petroleum over a hill to the refinery, on the syphon principle, 
and a year later constructed another, 3 miles long, from the 
Sherman well to the railroad at Miller Farm. This line was 
provided, at intervals of every 50 or 100 ft., with air chambers to 
equalize the pressure; but the excessive leakage at the joints of 
the pipes rendered this and Hutchinson's previoua attempt 
unsuccessful. 

In 1865, Samuel Van Syckel, of Titusville, Pa., put down a 
working line, the sections of which were joined by carefully fitted 
screw-sockets. It was only 4 miles long, extending from Pitholo 
to the railroad at Miller's farm, and carried but 80 bbl. per day. 
It demonstrated, however, the thorough practicability of trans- 
porting petroleum in this way. This line, together with another 
laid by Henry Harley in 1865 to 1866 from BenningholT Run to 
the Shaffer farm, passed into the control of a corporation known 
as the Allegheny Transportation Company, by which it was 
operated.' Lines were first laid only to the refineries in the oil 
region and to the railroads taking the oil out of the region. 
With the lengthening of the pipes and the increase of pressure to 
force the liquid to greater distances, an organiKation called the 
Pennsylvania Transportation Company in 1875 obtained a 

' The owners and drivers of oil wagons saw that this mode of tmnsportai- 
tion must aoon deprive them of ocGupntion, and they cut the linee, set fire to 
tlie tanka with which they were connected, and even threatened tlie proprie- 
tors and managers with personal violence. An armed patrol and the arrest 
of the ringleaders by detectives soon quelled this outbreak. 
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charter with power to construct a pipe line to the seaboard. The 
only outcome of this venture was tlie building of various lines 
within the oil region. Short lines multiplied, and pipe after 
pipe from the producing fields to the refineries and railroad 
shipping points crossed and paralleled one another in every 
direction. Competing companies waged war upon one another, 
cutting rates to the point where business was done at an actual 
loss. The United Pipe Lines Association, first known as the 
Fairview Pipe Line, organized bj' J. J. Vandergrift and George 
V. Forman, became the starting point for concentration. Into 
it were merged, from time to time, the other local lines. The first 
trunk line was laid in 1874 from the lower oil country to Pitts- 
burgh; it consisted of 60 miles of 4-in. pipe. The trunk line to 
Cleveland next followed. Pipe lines were then extended from 
the Pennsylvania oil fields to Cleveland, Buffalo, New York, 
Philadelphia, and Baltimore; and from the Ohio fields to Cleve- 
land and Chicago. The conveyance of crude petroleum to these 
centers rapidly acquired such importance that a combination 
was effected among the United Pipe Lines Company, the Stand- 
ard Oil Company of Cleveland, the American Transfer Company, 
and others, the National Transit Company being thus formed. 
Subsequently a number of additional trunk pipe line companies 
were organized.^ 

' The pipe lines of the United States, PompriHinE those of seventeen aub- 
aidiary cumpaniea of the Standard Oil Company, and eight indepcDdcot 
lilies, owned and operated pipe liues, were estimated by the United Statea 
Bureau of Corporations in 1907 to total more than 45,000 miles of pipe 
ranging from 2 to 12 in. in diameter. The majority of tho lines are 6 or 8 in. 
in diameter. The longest continuous line reaches from Oklahoma to New 
York City. See Report of the Commissioner of Corporaliona on the Trans- 
portation of Pelroku'n, May, 190S. In the Kanaaa and Oklahoma oil fields, 
there were in September, 1913, 1383 tank cars in use among refiners and 
small shippers. In addition to the cars owned liy the railway companies, the 
Standard Oil Compftny and the Texas and Gulf Companies, certain other 
refining companies had a large number of tank cars in these states and they 
were used also in connection with eastern plants. In 1904, the Union Tank 
Une Company, a subsidiary of the Standard Oil Company, bad about 9,000 
tank cars, while the Waters-Pierce Company had about 1000. The 
capacity of the tank cars in the ICansas and Oklahoma fields ranges from 
4,000 to 10,000 gal. (see abo p. 452). 

By sea, crude petroleum is transported in tank steamers or tank barges. 
Fuel oil from the Tejcaa and California fields is piped to the seaports and 
distributed to the various markets by tank steamers. From the eastern 
seaboard of the United States some crude oil is shipped to Europe in tank 
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In 1907, the rifled pipe line was introduced. This pipe line, 
the invention of J, D, Isaacs and Buckner Speed, has Rreatly 
facilitated the transport of the more viscous crude petroleums; 
it is provided with spiral grooves, or rifling, through which a 
lubricating current of water is pumped with the oil. 




Flu. 58. — Tank Bteamera ut 



stcumers anil in Uuik sailing vessels, but the main eniploynicnt of tank steam- 
ers is forHhipping ill bulk refined oils, as kcroBtinc. On the Caspian sea, early 
ia 1913, there were 168 vessels engaged in the transport of oil to and from 
different parts of tlie Russian empire. The vessels fitted with Diesel engines, 
owing to their low conaumption of fuel, are replacing the other forms of power 
boats. Since 1905 the Standard Oil Company has also used tank bailees. A 
tank steamer carrying 400 tons of oil tows a tank bar^ carrying 6,000 tons 
of oil, by means of a OOO-fathom eteel-wire hawser, fitted with winding 
drums which automatically take in or pay out the hawser depending on the 
strain upon it. Both steamers and barges are constructed entirely of steel, 
divided iuto compartments by bulkheads and provided with means of escape 
for the oil gases, and with supply tanks to make up any loss of oil in the 
tanks by leakage or evaporation. On tank ship construction, see Morrkli., 
Int. Marine Eng., 1916, 71. 

Where an oil field has a small yield, as when a small output of oil is inci- 
dental to natural gas production, and the market is purely local and the oil 
is used in a crude state, the means of transportation and distribution are 
likely to be correspondingly simple and primitive. For instance, in the gas 
fields of New Brunswick some of the welb yield a few gallons of pelrolewn 
per day. This is piped to a loading tank by the roadside, from which it is 
transferred to tank wagons which distribute it. 

Some heavy lubricating, or otherwise peculiarly valuable oils which do 
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Statistics of Productioii. — The production and value of pe- 
troleum, well records, and acreage for the United States in 1914, 
by states, from statistics supplied by the United States Geological 
Survey, are given in Table XXXI. 

The production of crude petroleum in the United States, from 
given 1859 to 1914, by years and by states, in barrels of 42 gal., ia 
in Table XXXV, which illustrates the historical development 
of the industry in this country. 

For the sake of comparison, there is provided Table XXXVI, 
showing the world's marketed production of crude petroleum, 
from 1857 to 1914, by years and by countries, in barrels of 42 
gal. This table serves as a presentment, in abstract, of the 
general history of the petroleum industry. 

Exports of Petroleum. — Practically all forms of petroleum 
products, from crude oil to paraflin wax, form part of the export 
trade of the United States, and petroleum products in one form 
or another, especially kerosene, reach all parts of the world. 

Between 4,000,000 anti 5,000,000 bbl. of crude oil are exported 
each year; and in 1913 about 200,000,000 gal. of gasoline and 
naphtha, slightly over 1,000,000.000 gal. of illuminating oil, 
over 200,000,000 gal. of lubricants, and over 300,000,000 gal. 
of gaa oils, ^id more than 27,000,000 bbl. of residuum were 
exported. In all, reduced to barrels, the exports amounted to 
50,868,231 bbi. in 1913 , or 20.5 per cent, of the total production. 
The total exports of petroleum and its liquid products from the 
United States in 1914 amounted in value to $139,900,587. 

This trade, which represents essentially the overflow of prod- 
not occur or are aot purchased in quantity sufficient to malte a separate run 
in a pipe line or even to justiFy shipping in a tanlc car, or whicli are destined 
to points away from railway or pipo-line tacilitica, are shipped in wooden 
barrels or more gcnemlly in steel drums; but now on land the great bulh of 
the petroleum products are transported in pipe lines, with smaller quantities 
in tank cars, and, on the ocean, in tank steamers. 

Refined oil products, lubricating oil, kerosene, gasoline and the like, 
when shipped by roil, arc transported in tank cars, in wooden burreU, in 
steel drumB, or in tin cans. Towns on a railway and large enough to support 
a distributing wagon service, have receiving storage tanks adjacent to the 
railway switch and the oil is pumped into these tanks from the tank cars. 
Smaller towns, especially those without railway communication, are usually 
auppUed with oil in wooden barrels. In the western part of the country 
considerable oil is shipped in tin cans in wooden cases, each container holding 
t«ro oana, each of 5 gal. capacity. Much kerosene is shipped to foreign 
K'fiountriBs in such cans. 



THE AMERICAN PETROLEUM INDUSTRY 

iMilflillMPIIpHSII 



WlWIIPPIlPIf 
wPTFlTIIPin 




1 



[ 



iiiiiiiiiililiii 



s 

I! 

'I 

i 



,,Google 



L 



PETROLEUM INDUSTRY IN THE UNITED STATES 253 

ucta beyond the consumptive requirements of the United States, 
is capable of an enormous expansion, if, as Day has indicated/ 
one considers the following table compiled by Boverton 
Redwood, which shows the consumption of kerosene per head of 
population in various countries in 1911. 



Table XXXII. — Consumption op Kbroseke ncBiNa 1911 
Head op Population bt CoimTRiES 





GbIIohb 




GiUoiui 


United Stales 


7.3 


Rumania 


1.8 


CanaJa 


- .4.0 


Aiistria 


1.8 


England 


3.9 


Japan 


1.6 


Germany.. 


3.8 


Bmtil 


1.2 


Australia 


3.4 


Italy 


l.D 


Franoe 


2.5 


Mexico 


0.7 










South Africa 


2.0 


Spain 


0.6 


Egypt 


1.9 


China 


4 



1 



In Bpite of the use of electricity and gas for illumination in 
the United States, the use of kerosene is shown by this table to 
amount to 7.3 gal. per year for every person in the United States. 
The quantity used in other countries is in every case loss; 4 
gal. per capita in Canada comes next to the United States, and 
England requires practically the same quantity. There ia a 
marked decline of the per capita used in other countries; and 
when one considers that China with its enormous population 
consumes only 0.4 gal. per capita, the quantity of kerosene which 
might be sold before the total Chinese consumption per capita 
would be brought up to the level of that of the United States 
would equal 11,000,000,000 gal. per annum, or ten times the 
quantity now exported from the United States, or about three 
times as much kerosene as is yielded by the total quantity of 
crude oil produced in the United States. Day maintains that 
despite our rapidly increasing production, petroleum must be 
recognized as a limited mineral resource in the world, and that 
the responsibilities for properly conserving the supply are 
evident from these considerations. 

The following table, compiled from the records of the Bureau 
of Foreign and Domestic Commerce, show the quantity and 
declared value of petroleum and its liquid products (mineral 
oils) exported from the United States in the years 1913 and 19141 

' Mineral Resourees of the Untied Statet, 1913, ii, 1082. 
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Table XXXIII. — Expoktb of Mwkkai. Oils tbok the UmTBD Statbs ik 
THE CAI.KNDAB Ybabs 1913 AKD 1914, ST KiNT> AVD Port 



Kind wid po.t . 


1013 


m« 


QuMtity 


Vtliu 


Qawtitif 


Taliw 


CludB 


1,174.017 
3.iS6.712 


13,057.756 

3S 

1.603 

4,488.098 


BO7.TO0 


SI.ae7,MD 












3.462.00S 


3,390.880 






4.930.M0 


18,448.294 


2.669,804 


•1,058.838 




M.phtb. 


Gallon. 
82.065 

44.381 
lPa,S6fl,333 
Z3,0&3.3eS 

35,811 
81,077,424 


Wl,617 

8,585 

16,872. 213 

3,348,437 

6,346 

7,846,410 


ObIIou 
93,218 
30,183 
104.480,412 

24.284.157 
43.326 

80.704.461 


»,*78 

4,634 

14.063,310 


Button ■ndCh.rl«towii.,.. 










8,431.981 






188.043,370 


•28.O0I.6O8 


200,692,665 










QaUoM 

130,382 

108,063 

&38,Qie,377 

220,282,378 

166 


114,100 


GalloM 
000.124 

142!408!871 

20,000 

400.3O8.SO8 






9,742 
34,736,038 








Othar diittkU 


20,277.173 


ToUl 


1,118,441,231 


172.042,107 


1.011.449.253 


164.113.772 




GalloDi 
12,115,947 

138,778.365 
43,095,433 

13,002,566 


11,048.470 

20.227,280 

6,243,542 

114,154 

2,356,122 


Cllon. 
8,136,368 

13S,412,476 

29.468.223 
268.076 




BntoD and ChHlwtowii. . . . 


18332.014 




a»lv»ton 


B1.S69 

2,668,679 






207.630.092 


»2fl.0O8.B40 


101,647,570 








Rcuduum 


G.Uo„. 




GslloD. 

105.550 

103,433.070 
18,622.616 




Boston and CharleiHiviii. . 


2,505 

Ko!22o!l94 

252 

369.630,614 


Wl33 

72 

8,055,331 






846,671 




Other dutilcts 


679,023.096 


14,512,101 


Tol.1 


420,872,373 


(11.126,651 


703,508.621 


119,234,350 


OrandToUl 


3.I30,«S,721 


I140J1O.4O9 


3,240,033.662 


tl 30.000. S8T 
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HMftpituUtlon b; Kinds 





Gallon! 

Ifl4.40B.a34 

i.n9.44i!a43 

a>7.fl3fl,0S3 
428,872.373 


IS.448.ae4 
2o!608!54B 


Osllou 
124,735,683 
200.M2.0BS 
1,010,446,353 
101,047,570 
703. BOB, 821 




Nsphtha 

Lubr[a.ting.Ddp»r.a>n.... 


25,288,414 
25,316,313 






ToIb) 


2.139.405.7S1 


n4B.3I 0,409 


2,240.033,053 


11 3S ,000.587 



Imports of Petroleum. — For many years occaKiona! importa- 
tions of crude petroleum, and, more frequently, of some special 
product have been received in the United States, but without any 
particulai- bearing upon the trade. The first significant imports 
were those of gasoline from Borneo to the Pacific coaat, to supply 
the deficiency which then existed for gasoline for the growing auto- 
mobile consumption. The considerable supply now attainable of 
lighter oils, of which the production is rapidly increasing in Cali- 
fornia, will, without doubt, stop these imports of gasoline. 

In 1911, th(i importation of crude petroleum from Mexico began 
to assume significant proportions and rapidly increased in 1912 
and in 191.3. In 1914, 17,247,483 bbl. of crude petroleum were 
imported; practical^' all of this came from Mexico, and was 
brought in for use directly as fuel, or for refinery treatment in 
the manufacture of oil, asphalt, paving cements, roofing ma- 
terial, rubber substitutes and solvents. Small quantities of 
crude petroleum for experimental or special limited purposes were 
entered for consumption in 1914 from Canada, Peru, Trinidad, 
England, Belgium, and Germany. 



Tabls XXXIV. — Quantity and Valite oy Petroleum, pARAPrij) Oil, 

AND OZOKBRITB AND PaHAFFIN WaX IMPORTED FOR CoNSOMPTION 

INTO TUB United States, 1910-1914 
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PamffinoU 






Y«i 


























Quwiity 


Val(» 


Quantity 


Valu. 


Qnantity 


Valua 






Bairali 




Bairak 




PoUDdl 






ISIO 


557,181 


11.388.881 




•3e,74F 


1 5.071.57! 


1888,081 


t2.424,8B0 




1.709,fl3B 


2,410.884 


4,019 


43.343 


12.0fl0.46t 


740,47! 


3,203.702 




7,3a3,22E 


8,082,881 




32,505 






7.101.405 


1913 


I7,800,05i 


12,047,230 




46,458! 10.051,321 


B32.884 


13.830.832 




17,247,483 


ll,*6fi,40« 


2,481 


39.687| 15.5ie.242 


824.234, 


12.328,387 
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Table XXXV. — PBODttcnoN or Petbolbom im thb TJnitbd Btatis. 
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III 
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III 
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M.SS8.1W 

it.us.ssg 

21.487.439 
K.tK.-KX 

33,000.231 
]9.0l^'.t». 
30,SM.«1 

2.918,134 
2.239,026 
l.SM.m 

9;84a:«x 
fl.soQ,*?; 

9.109.309 


Ohio 




,B-1 


Ckliforau, 


^^ 


Colondo 


tndUu 


mbKdi 


\m 
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33,887 

17,740,301 
ia!249:7H 

iA7in,iM 

19,Mfi,233 

23,S41,1W 
21,SM,61S 
1B,738,70( 

21,648,08; 

20^80: 281 
IB. STB. 631 
16,346,600 

il'.m'.m 
t'.m.m 

8,817.112 

n8,Be9,oo; 


120,000 
171.000 
180,000 
1S),00( 

141,000 

IS 

14S.00( 

2,40«,Slt 
8^449 An 

•■"■" 

lis! 

14,177,12] 
12.m,3il 

\2.iM.m 

11,678,110 

10,745,062 
11,753,071 

9,70S,46 


II 

40;SS2 

M,B62 
128.636 
142, Bi7 

m,eoo 
47o! m 

1.208:482 

2;2w;So7 

8,186,33 
33.0e8.89f 

M:eM;73; 

73loio|66( 
081,272.69: 


1 I 










































1:1s 

4.716 

!;S 

6|oao 

9,0OC 

s'.ico 

S,S6( 
18,2B( 

131.25 

554128 
g«S,284 
1,217,33 

/639.019 

/4«a.774 

/4T3.458 
/484,3es 
/524,B6I 
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e6s,4aa 
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ii 
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216,92( 
222:77: 
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IBBT 
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IDOD 

1KB 
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im 

im 

1M7 

1*08 
1MB 

1«I4 


4,3BS,m 
4,880,731 

5:K:ig 

B.TST.flS* 
7.4S0.8SI 

7,673,477 

2:>96:ce> 

i,6u,2gg 

970,008 
956,085 
1.335,456 


'SS 

on 
aoo 

HO 

mi 
100 

uSs 

>0,m,S3B 
S3.14J.1CI 

si.m.oss 

lg,«I)l.U8 

ai:^:™ 


Tot«l 


7H.180.213 


'"■"•■•" 


260,232.815 


741,273,550 
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10,649.143 
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1850-1014, BT Years and by States, in Barrels or 42 Gal.' 
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Table XXXVI,— World's Makketgd Fkoddction of Cbuvb Pbtsol»- 
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Ii 

18)761 
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1:941 
1,675 


260!000 

iffl 


6:002:401 
18,006,407 


S6E)l6a 


16.640 

ii 


ii 

igei 


is 

48S;20I 


|:5|S 

451823:572 
64.282,855 


'1' 
SI 


ii 

766)208 


34)673)181 


S3S 

(16.288 

660.013 
630,730 


61.420 
53.B1T 


892 

see 


507)255 
M3;M8 


60.514,657 
48.431,080 
49,344,510 


25:843 
18,140 


770,753 
720:823 


36,774,50* 

36)376)428 
46,140,174 
47.220,833 


646,220 
692.680 
040.146 


88.M1 
106.384 
171.744 


1 


570.888 

{■III 

i;078]320 


00,475,618 

67:070:850 
63,620,529 
09,389,194 


14:480 
lfl.121 

10:150 


III 


61)609)357 
65.954,908 
75.779,417 
85.108,650 


2,226,368 
2,376,108 

3,261,644 


318,&1» 
366,3Sg 

..si 


s 


2,OB9,03E 

fliaTsiisi 


128:403:938 


17:878 
53:577 


si 

569:753 


80,640,044 
76,501,258 

68)897)311 


tiSin 

6,947,383 
E.765.317 
6.467.987 


)710,7a8 


007 

eoo 

SI! 




106,095,335 
183: 1701874 

assf 


59.875 

50:830 
74,700 


788,872 

315:395 
291,096 


61,860,734 
65)970)350 


8,465.841 
12.612.305 

10)519)270 


3.001,838 

2.070. 14S 


E 


13:554:788 
12,826,579 


222.035,044 


63,778 


214:806 


68,010,208 
67)020)522 


05,033.350 


l;i:s8 


ToWl 


117,082,471 


3.335,457.140 


»,!» 


23,493,810 


1.622,233,845 


131.873,801; 27,051,168 


a 


tlrtin»t«d. 















byGoogle 



PETROLEUM INDUSTRY IN THE UNITED STATES 259 
VM, 1857-1914, fiT Yeaks and bt Countbizs, in Barrels or 42 Gai» 



28, 70S 

T3,ee4 



313.830 
35.1,67* 



IDIO 1.03Z.S22 



220,053 

320,376 
1.007.304 

1,717,690 
- ^1,610 



,4SS,74Z 
.332,807 
,061.643 

, 959,31 B 

!lSs!l37 



3,709,840 
3.9S0.180 

4.695,935 
5.799.214 
6,730.(W3 



219.299.410 
215,301.299 
214.010,124 



362.4S4.5ei 
394.607, HI5 
400,493,489 



Tolal. 12.005.509 



),35B,S69 
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The Standard OU Company."— In 1870, John D. and MUiam 
Rockefeller, Samuel Adams, Henry M. Flagler, and Stephen V. 
Harkness, and the firms of William Rockefeller and Company, 
Rockefeller and Andrews, and Rockefeller and Company, con- 
eoUdated their businesses of refining, shipping and selling pe- 
troleum, in the State of Ohio and other states, as the Standard 
Oil Company, an Ohio corporation with a capital of $1,000,000.* 
This capital was increased on Feb. 10, 1872, to $2,500,000 and 
on Mar. 13, 1873, to J3,500,000. In 1873, practically all of the 
petroleum refineries in Cleveland, Ohio, were acquired; and sub- 
seqnently, by the purchase of properties or stocks and by trade 
agreements, the Standard Oil Company or its organizers secured, 
in 1882, control of a very large proportion of the business of 
purchasing, Ehipping, refining, and selUng petroleum and ita 
products in the United States. 

On Jan. 2, 1882, a trust agreement, with a supplemental agree- 
ment on Jan. 4, 1882, was entered into, providing for the in- 
corporation in each of several states of a company entitled the 
"Standard Oil Company" of such state, to each of which were 
to be transferred the properties in its own state. The trust 
certificates were issuable for the appraised value of the proper- 
ties conveyed. Under the terms of this agreement, the Standard 
Oil Company of New Jersey was incorporated on Aug. S, 1882, 

1 See Montaoce's "Rise and Prepress of the Standaid Oil Company," 
1903; Tarbell's "History of the Standard Oil Company," 1911; Poor's 
"Manual of Industriala," 1913, 1615; and "The Manual of Statistics," 
1910, 781. 

On the important part played by the Standard OU Company in the early 
development of the American petroleum industry, see S. C. T. Dodd'b 
"Combinations: their Uses and Abuses; with a History of the Standard 
Oil Trust," New York, 1888. 

* The purposes of this alliance were to cheapen transportation, both local 
and to the seaboard; to manufacture a better grade of illuminating oil at 
leas expense by uniting the knowledge, citperience and skill of all parties, aa 
well as their various secret processes and patents; to unite with the busi- 
ness of refining the business necessarily collateral thereto (manufacture of 
barrels, tin cans, boxes, paint, glue, and sulphuric acid); to obtain and 
utilize the best scicntilic skill in investigating and experimenting upon tho 
obtaining of new and useful products from petroleum , and to cheapen illumi- 
nating oils by obtaining profits from the by-products; to employ agents and 
send them through the world to open up markets; and by all the means 
enumerated to increase the supply of petroleum products and lessen their 
price to the o 
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with a capital stock of $3,000j000, increasetl from time to time, 
up to 1889, to $10,000,000. In 1892, the Standard Oil Trust was 
obliged to liquidate. It became a "trust iu liquidation," and 
there it remained for some five years. In 1898, however, it was 
found that the corporation law of the State of New Jersey offered 
a refuge, and here it settled. Accordingly, the Standard Oil 
Company of New Jersey was reincorporated on Jime 14, 1899, 
imder the laws of New Jersey, increasing the capital stock from 
$10,000,000 to $100,000,000 common and $10,000,000 preferred," 
for the purpose of purchasing the stocks of various companies 
formerly held by the liquidating trustees of the Standard Oil 
Trust. 

On Nov. 15, 1906, the Attorney General of the United States 
brought suit for the dissolution of the Standard Oil Company of 
New Jersey in the United States Court at St. Louis, Mo. Pur- 
suant to the decision of the United States Circuit Court at St. 
Louis on Nov. 20, 1909, which was athrmed by the United States 
Supreme Court on May 15, 1911, ordering the dissolution of the 
Company ,° the stocks of the 33 subsidiary companies were dis- 
tributed to the shareholders. 

The Standard Oil Group.— The several companies formerly 
controlled by the Standard Oil Company of New Jersey, and 
commonly referred to as "Standard Oil Companies," are gener- 
ally classed together as the "Standard Oil Group."* Facts of 
interest relating to the companies comprising this group, are 
presented in the following table. 

■ This was later retirod and common stock iamied therefor. 

* The Company wae found to be a combination i:i restraint of trade and 
commerce, and six months were allowed for the return to its component 
parts. This decision ia notable for its emphasis of the rule of reason in deal- 
ing with cases subject to the Shemian Antitnist Law of July 2, 1800. 

' Mooor'B " Manual of Railroads and Corporation Seuuritiea," 1916, 3331 ; 
and Poor's "Manual of Industrials," 1910, 1656. 
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Company 


^tSdjf 


When 

incorpo- 
rated 


Capital 

■t«k 


B^ 


Anglo-Amecicao Oil 
Co.. Ltd. 


1888 


England 


£2,000,000 


producta in England. 


C. 


Apr.2B, 

1870 


Pennayl- 
vania 


15,000.000 


all Qtiee and large town* in Fenn- 
■ylvania and Delaware. 


Borne Scrymaer 










Co. 


1893 




oili and greasa. Plant i* located 


The Buckeye Pipe 
Line Co. 


Mat. 31 

issa 


Ohio 


I10.O0O.O0O 


0«» 675 mila of pipe line, in 
Ohio and We.t Virginia. 




May 10, 

1S80 


New York 


1500.000 


Sole manufacturer of vaaeline and 

at Perth Amboy. N.J. Owna de- 
poeiti of fuller'a earth in Florida. 


Colonial on Co. 




NewJer»oy 


(260.000 


Wa* formerly engaged in market- 
ing the SUndard product* in 

1900, thiabuaineae haa been tran*- 
lerred to the Vaouum OU Co. 
Ha* a marketing station At 
Buenoa Ayre*. 


The Continental Oil 
Co. 




Colorado 


13,000.000 


ketiog buainesa in Colorado, 
Wyoming. Idaho, New Meuco, 
Utah, and Montana. Ifa prod- 
ucts are obUined from refineriea 
at Florence, Colo., and Caaper, 
Wyo. 


The Creaoent Pipe 
UneCo. 


1«.I 


Penn.yl- 
vania 


S3.000,000 


OwDt and operatea 269 milea of 6- 

Oregge. Pa., to Marcua Hook, 
near Philadelphia. Pa. 


Cumberland I^pc 
Line Co., Inc. 


Nov. 15 
1901 


Kentucky 


(1,000.000 


Owns 407 miles of pipeline of vari- 

wbich the main linea embrace 61 
miles of 6-io. and 154 mile, of *- 
in. pipe, extending Irom Monti- 
cello Station na Somcraet and 
Licking River Junetion to Oifford 
on Tug Fork, connecting at that 
point with the Eureka Pipe Line 
Co.. and from Pago Hollow na 
Lcwia to Licking River Junction. 
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o„^ 


ino " "' 


jWbete 
rMlSr 


Capital 
■took 


Bual»» 


The Eureka Pipe 
Lin. C. 


ISOO 


Weat Vir- 
dnia 


tS.000,000 


ins nearly all of the wella in Weat 
VlrginU. Id addition to sather- 
Ini M from theae wella, the trunk 
lines of the oompany are eofaced 
in intetatate handlini of oU. 


Ca 


NoY. 7. 

1901 


Pennayl- 


tl*,000,000 


nal (^ (annual output ia 800.000 
bbl.). FUnIa at Franklin, Pa.: 
Toronto, Canada; Parkeraburg. 
W. Vs.: Boston. Maaa.: RoutD, 


Co. 


1S89 


Indlana 




Owna and operate* over 460 miles 
of pipe linea. 


National Transit 
Co, 


Apr. 30. 

lesi 


PennayU 


$12.7?7.67S 


network of tsedina pipae and ator- 
aca tanka in weatem Pennayl- 
vania, and ah ops and three office 
buldinca iD Oil City. Pa. Tbe 

with thoas of the Buckeye Rpe 
Line Co.. and the New York 
Tranut Co.. which supplies the 
Vacuum OU Co., the Atlantia 
ReSninc Co., and other reGaetiea, 
and also connects with the linea of 
the SUndard OU Co. of New 
Ja«ey. 


New York Trenail 
Co. 


Jan. 18. 


New York 


19.000,000 


200 mUes ol trunk pipe lines. 

and oonnecting with the Standard 

of N. ]., at Bayonne, N. J. and 
the Long Island City pUnt of the 
Standard OU Co. ol New York. 
It alao operates a branch line from 
Olean to Buffalo, N. Y. In addi- 
tion to lie e.tenai« pipe lines, it 
owna about one-third ol tbe tank- 
ase facilitiea at Olean. N. V. 


Northern l^pe line 
Co. 


July 8. 


Pcnnayl- 
vania 


»4,000.000 


Owna and operate* a pipe line in 

over 200 miles of trunk pipe lines, 
extending Irom the weatarn bor- 

Creek. Clarion Co., to Colebrook, 

are made with the caaterD branch 
of the National Tranut Co. 
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Company 


mte ol ': Where 
ration rslHl 


•» 


BuriHB 


The Ohio Oil Co- 






»1S.OOO,000 


pany. owmn< w«ll* bi HUiuh and 
Ohio, with a mtheriix n*Utn ol 
]Mpt* and a trunk line from the 

Ulinoi* field* aero** lodUna. Ohio. 


The niinoi) Pip* 

Una Co. 


IBM 'l 1 ' ' 

1 i 


Took over TheOhloOn Comp«y'a 

■yiiem* in llUooia, Ohio, aod 
Peni-ylvani.. 


Pioroe GU Corpora- 
tion 


1013 


Viicinia 


130.000.000 


Acquired propertie* o( the Wnlen- 

Minouri, Illinoii. Arkanau, OkU- 
homa, Lauiaiana, 4uid Teiai. and. 
■inco 1877, refined and sold prod- 
uei. in Ueiioo, 


I>rairis Oil and Gu 
Co. 


Dec. 15, 
1900 


Kan.a. 


120,000,000 




Prairie Pipe Line 
Co. 


Jan. 11, 
1016 


Kanuu 


(27,000.000 


Thi* Company took over tfaa 
Prairie Oil and Gaa Co, 


Satai ttefinins Co. 


1880 


Ohio 


12,000,000 


at lima, Ohio: the annual ca- 
pacity ol thi* refiner; I* about 
3.050,000 bbl. 


Bouthern Pipo Un. 
Co. 


ISUO IPcnngyl- 


»i 0,000,000 


Thi* Company La* 1.130 nule. o{ 
pipe Lne in PemuylTBouL 


South Penn Oil Co 


1)(H0 Pnoniyl- 


»ia.«».ooo 


Compaoy acquired ooDtrol ol Eha 

Penn.Me.PudCo. 


South Weet Pini^ 
■ylvania Pipe Line 


IKSO P^niayl- 
1 vanift 


*3.S0O.0O0|Thi« Con.pioy hu aMB mils ol 
1 pipe line in Penaiylvania, 


Standard Oil Cu 


Sept. 10, Catiforniiv 
IBTO , 


(100,000.000 


Oil Co, OP June 23. 1006. Befln- 

Scgundo. and Bakcnfield, CaL 
<«e .li,o p. 500). 



Standard Oil Co 


June IS, 


Indiana 


(30,000,000 Own* rcliucries at IVhiting. Ind. 


(ludiana) 1 ISSO 






(30.000 to 35.000 lt,l. per day of 
Oklahoma crude), at Wood HiTer, 










III. (lllinoia crude), at 8ucw 










Creek, Mo, (10,000 to IB.OOO bbL 










ol Oklahoma crude per day), and 










at Caaper, Wyo. <I1.000.000 










plant). 
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Company 


Datflol 

ratku 


Where 


CaiBtal 

elock 


B.^ 


Standard OU Co 


Dec,M, 
1882 


Kanaaa 


12.000,000 


which haa » daily oapacity of 
7,600 bbl. 


Standard Oil Co 
(Kentucky) 


Out. 7. 
1B8S 


Kentucky 


13,000.000 


atationa in Alabama. Florida. 
iarippL 


Standard Oil Co. 
(fJobraaka) 


1008 


NebiMka 


t1 .000,000 


A marketing Company with tSl 
Xenciea in Nebraaka. 


SUndard OU Co 
of New Jeney 


Au(-S, 

1883 




<100,000.000 


Thia Company now owna and 

Bayway. Parkcraburs. Baltimore. 
aodeamia.Ontario. TbeaereBn- 
eriea have a combined daily capo- 
dty of about 100,000 bbL 


iBUni Co., Ltd. 


Sept. 10 


England 


£4,000.000 


Thia Company acquired control of 
the London and PaclBo Oil Co.. 
Ltd.. the WMt CoMt OU Fuel Co.. 
and tbe Lagunitaa OU Co.. Ltd.— 
aU operatin« in tbe PeniTian oil 
Gelda. 


Standard Oil Co 
of New York 


Aug. 10. 


New York 


175.000,000 


Thia Company owoa tbe Pratt 
Worki. Long taUnd Work^ and 
the Stone and Fleming Worka in 
New York, and Ihe Atlaa Worka 
is Buffalo. Theae planta have a 

per day. 


Obio 


Jan. 10. 
1870 


Ohio 


•3.SO0,000 


in Cleveland and markeUn« 
atatioim through Ohio. 


BwanandFiMbCo. 


isei 


N«* York 


•S00.000 


Bnowed in the compounding of 
raUroada. 


Union Tank Une 
Co. 


ISSl 


NewJeraey 


112,000.000 


Owna 13.000 tank oan, which it 
Icuea to abippen tor the trana- 


Vacuum Oil Co. 


1868 


New York 


115,000,000 


Thia Company hu a refinery at 
Olean. N. Y.. and flniahing aod 

N. J., and Rocheater. N. Y. It 


Waahiniton Oil Co. 


1887 


Penneyl- 
vanU 


(100,000 


Producea crude petroleum. Prop- 
erty oonsieU of 4.897 acre* of 

290 acre* of Und owned in fee. 
113 oil wella, and two gaa wclli. 
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Other Large Petroleum Companies. — The foUowing list gives 
data relating to a number of the more prominent of the so-called 
"independent oil companies," which are outside of what Is known 
as the "Standard Oil Group." 



Company 


pate of 
ration 


'"r"^ 


Capital 
Btoolc 


Buslneaa 


AnicricanOil- 
fieldaCo. 


Jan. n, 


Call- 
fomia 




Owns the entire capital atock of the 
Midland Oilfields Co., Ltd.. and ol tha 
Midland OU Co., and one-halt of tha 
capital stock of the Bamodon OU Co. 

eUims 13/»0 aeree ot land in the Bon- 
set, Midway, McRittrick and Lost 
Rills oU fields of California. It has 

points and baa oonatnicted 11 ateei 
Btorege tank* of 60,000 bU. eapadty 

of 1,062,000 bbL 

one of iU pcopeitlea a complete top- 
fans plant (refinery) capable of top- 
pine 10,000 bbl. of oil daily. 


American Petro- 
leum Co. 


Feb. 17. 


Cali- 
fornia 


116,000,000 


OWBS and eontrola about 2.000 aeres of 
Coaliaca, Lost Hilla and Loe Anselea 

produces about 5,200 bbl. daily, and 
own. e ateal Unks of 380,000 bbL 
segregate capacity and 1 1 iron tanks 

Owna »S99,B96 of the «1,000,000 out- 
standing capital stock of Nilaa Lease 
Co., which Company operatea, under 
20-year lease, 80 acrea of land at 
Sherman, CaL 


Co. 


Oct. 7. 
1901 


Cali- 
fornia 


»40,000,000 


out the United SUtca and Territories. 
The Company owns in fee 36,611 
aoree, leaaca 2,125 acrea, and holda 
mineral locations on 3,200 acreoiln end 
adjacent to Tsrioui producing fields in 

two refineriea: one located at Gaviota. 
near SanU Barbara, the other at Avod, 
on the San Fraaciaco Bay. Qaaoline, 

fuel oib are marketed .throoch the 
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Co.„„ 


Dais ol 

locorpo- 
mtion 


Where 


■look 


Busintas 


As«Kia(*d O i I 
Co.~Con(. 








Califocni*. and at Fortland, Ore.; 
ETsrett. Waoh.; Noms, Aloaka; Hon- 
olulu, Hawaii: and thioUfh sallinc 
aieneiea in Ariiona, Nevada, and 
Utah. Ths Company owns pipe tinea 
runnln. from tbe Santa M«ia mX 
field! to iU reBnoy at Qaviota and 
from the Coalinia Ssld to Monterey 
Bay. Also owns onn-ha1( Interert In 
two [dps llnea ruDniBS (rom ths vari- 
ous fislds in ths San Joaqiun Val- 
ley to Port Corta on the Saa 
Pranciw» Bay. Owns tollinc stock 

both crude and refined (uL 


Califotui. Oil 


Sept. 27 


Vir^U 


•3S,000,000 


Incorporated ■■ a holdina company, 
to bold and deal in secimCles of other 
corppratione, and ia addition to carry 
on the petroleum businesa in all Its 
tiranche*. At preaent the Company 
controls the Amsrican Oilfields Co. 
and (he American FctnJsum Co. 


Gulf Ml Corpo- 
ration 


Feb. 14, 


New 


SSO.OOO.OOO; 

t33.soo,eoo 


Inoorporatod to aoquirs the seetuitles 
of the J. M. Guffsy Fstroleum Co. and 

a pipe line from Oklahoma to the 
Gulf of Msrico tOuK Pipe Una Co. 

Gulf Refinina Co., throuah the owoe^ 
ship of 29S.M3 sharta of iU oapital 
■took: also Dontiola, throuch the 
ownership of a majority of their 

The QuU Pipe Una Co. (of Taiaa); 
Gulf Pipe Una Co. of Oklahoma: 

Gypsy (HI Co., and tha Golf Pro- 
duction Co. 

rated on Nov. 30, lWM,in Tom: iU 
capital atock is t3,fiOO,000. It waa In- 

oil and owna a pipe line In Texas. 
The QuU Pipe Line Co. of Oklahonm 

Oklahoma; Its oapital >took Is tl.OOO.- 
Un«a In Oklahoma. The UuU Re- 
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Company 


DaUof 
inc«po- 


jWh«« 


Capital 
stock 


Burineaa 


Quit OU Corpo- 
ration,— (7m(, 








Gnlns Co. wH inDOrpcn>l«d on Nor. 
28, 1001, In Taaaai ita eapitnl atook, 

tworeEncrie*. The Oulf Raflnins Co. 

Deo. 22, 190S, in Loui*lan»; ita 

sUndlns, is •1,000,000. It vaa in- 

ios and sellina petroleum prodnsta; 

on May 22. 1B07, in OUahomsi tU 

aUadins, is tfiOO.OOO. It vaa in- 
corporated for producina petroleum 

Co. chuw«d iU name to the Oulf 
Production Co. in lOlG. 


Indian lUfinini 
Co. 


Nov., 


Msino 


Prefomd, 
»3,000,000; 

M, 500.000 


Produces and lefinea orade oil and 
maautsctura sU products of petro- 
leum. CoDtrola Indian Raflnlna Co. 

Havolinc Oil Co., Roooid OU ReBDlus 
Co., and Indian iUfinin. Co. of 
Oklahoma. Re&neiiee at Lawrence- 
liWf:, 111., GeoTietowD, Ky., and Na« 
Orleans, La. Company also eontrob 
lorce itortxe aUtioo* at New Orlums. 
La., and Cairo, III., and haa distrib- 
uting stations in about ISO ati.., 

1.020 tank cure. 


Inteiocean Oil 
Co. 


Dm.. 


South 
Dakota 


112,000,000 

(2,000,000 
7 pet oent. 
cumulatiTe 
first prcfGt- 
[Bd.sndl4,- 
000,000 
per cent. 

Utire second 


Uusinna ronaisU of the reGninc and 
BcUini of crude mineral oil and ita 
products. Plant, at Eut Brooklyn. 
snd Baltimore, Md., Carteret. N. J., 
Chenter, Ph., TamF^co, .Medco. Con- 

TransportCo.. Toltec MeiicBnOU Co., 
PsYin. Co. 
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Company 


Dataol 


Whet* 
incorpo- 


■SJ" 


Bu^en 


The Midweat 


Feb.. 


Maioe 




ReBoini Co. 


19U 




«20.000,000 


duoUuc the lenenl businea o( r»- 

Caaper. Wyo., aod ia the owner ol the 
wfioi>« pUota loTBwly owned by the 
Midweat Oil Co. 




1906 


Ohio 


AuthoTiied, 
»S.OOO,000 




ReBnlni Co. 


company of the eame name, incorpo- 








B per sent. 






























•S.OOO.OOO 


laod, Findlay and Marietta, Obio. and 




















leum and ita produeti. Tbia Company 


















W.012,600; 




















»33T7.*00 


of oil. The National Refinini Co. 


SheU Co- of Cali- 


Au«.30 


New 


Authoriaed. 


Planla localod in California, Orafon, 


fomU, Inc. 


1012 


York 


•4,000.000: 
»BOO,000 


Wuhiniton, and Britbdi Colombia. 
Refinsa and aelia petroleum, etc. The 
Valley Pipe Line Co., a aubaidiary. In 
April, lOlS. abo conatnicled a pipe 

eubeidiary of the Royal Duteh Oil Co. 
and the Shell Tnuuportlni and 
Tradini Co. ol The Hama and London. 


T«»» Co. 


Apr. 7. 




•30.000.000 


and ita piodusta. Operatea isfineriea. 

pipe line*, tank aara and tank aleamara. 
It owna ovei I.UO milee of pipe line 
















Otlahoma, to Port Arthur, Teaaa. wi- 








Daltat and Houaton: alio Irooi Bh»- 








veport to Pott Arthur and aatarala. 








The Company baa ereoted and owna 






























tarioua piopertlea. It baa a tanka*s 




















capacity. It owna one Tafinery at 










Port Arthur, Tea. r one at Port Neobci. 










Tei.; ona at Dalla*. Tex.; OM at 










Tulaa. Okla. and another at Loekpoit, 










lU. Tbeae n^periea hsTe an autr 










■ate daily eapaoity aS 40/100 bU, 
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Company 


Dateol 

tar 


,Zgl 


Ca,«taJ 
stoek 


Busineaa 


Teias Co.— Cml. 








Daiioa the year ended June 30, 1014, 

ent pipe lines eioeeded 3,S00,000 bbL 
a month. 


Tide Water Oil 
Co. 


Nov, n 


New 
Jersey 


(25.000,000 


The business of this Company is »- 

Bayoone, N. J., with a sspaoity of 
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The National Petroleum Association. — The genesis of the 
National Petroleum Association, including in its membership 
nearly all the refiners of petroleum' (outside of what is known aa 

'The present members are as follows: American Oil WotIcb, Ltd., 
TituHvUlc, Pa. ; The Bessemer Refining Co., Titusville, Pa.; Canfield Oil Co., 
Cleveland, Ohio; Ceptral Refining Co., Lawrenceville, 111.; The Chanuto 
Refining Co., Chanute, Kan,; The F. G. Clark Co., Cleveland, Ohio; The 
Conewango Refining Co., Warren, Pa.; ConaumerB Befining Co., Chicago, 
111.; The Continental Refining Co., Oil City, Pa.; Complanter Refining Co., 
Warren, Pa.; Cosden & Co., Tulsa, Okla.; Crew Levick Co., Philadelphia, 
Pa.; Crystal Oil Works, Oil City, Pa.; Cudahy Refining Co., Chicago, Rl.; 
Emery Mfg. Co., Bradford, Pa,; Emlenton Refining Co., Emlenton, P».; 
Empire Oil Works, Oil City, Pa.; Germania Refining Co., Oil City, Pa.; 
Glade Oil Works, Warren, Pa.; The Great Western Oil Co., Cleveland, 
Ohio; Great Western Oil Retg. Co., Erie, Kan.; Gulf Refining Co., Pitta- 
burgh, Pa.; Independent Refining Co., Ltd., Oil City, Pa.; The Island 
Petroleum Co., Pittsburgh, Pa.; The Kansas Co-Opcrative Retg. Co., 
Chanute, Kan.; The Kansas Oil Refining Co., Coffeyville, Kan.; Kendall 
Refining Co., Bradford, Pa.; Levi Smith, Ltd., North Clarendon, Pa.; 
Milliken Refinmg Co., St. Louia, Mo.; Mutual Refining Co., Ltd., Warren, 
Pa,; The National Refining Co., Cleveland, Ohio; The Paragon Refining 
Co,, Toledo, Ohio; Pennsylvania FaraSino Works, Titusville, Pa.; Pitta- 
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the "Standard Oil Group") in the states of New York, Penn' 
Bylvania, Ohio and Illinois, and some in Kansas and Oklahoma, 
arose from the "necessity of mutual aid to avoid extermination" 
in 1902. 

The association began with a membership of 17 independent 
refiners of Pennsylvania crude petroleum, located in the states 
of New York, Pennsylvania and Ohio. It was first organized 
as a voluntary association and held its first meeting for oi^am'zing 
in Pittsburgh, Pa., on June 17, 1902. At this meeting a consti- 
tution and by-laws were adopted, the preamble of the consti- 
tution being as follows: 

"In order to create a permanent, social and cooperative feeling be- 
tween refiners of petroleum and its products throughout the United 
States, to remove by concerted action aay evils and customs that 
are against good policy and sound business principles, to correct exist- 
ing abuses and to secure the enactment of wise and uniform state in- 
spection laws, the operation of which may be equally fiur to all and 
which may accomplish the ends designed, and to prevent unjust dis- 
crimination, and that all grievances may be fairly and equitably ad- ' 
justed, we form ourselves into an association to be known as The 
National Petroleum Association." 

burgh Oil Refimng Co., Coraopolis, Fa.; The Bed "C" Oil Mfg. Co., 
Baltimore, Md,; Seneca Oil Works, Warren, Pa.; Superior Oii Works, 
Warren, Pa.; Tiona Refining Co., North Clarendon, Pa.; Union Petroleum 
Co., Philadelphia, Pa.; United Befining Co., Warren, Pa.; Waveriy Oil 
Works Co., Pittebui|;h, Pa.; Warren Befining Co., Warren, Pa.; Wellsville 
Befining Co., Wellsville, N. Y.; Indian Refining Co^ New York; and 
Petroleum Products Co., Chicago, DL 
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CHAPTER VI 
on, WELL TECHNOLOGY 

A General Description of the Operation of DrflUng. — As an 

introduction to what follows in this chapter, it is appropriate to 
present a descriptive account of the operation of drilling, accord- 
ing to what may be referred to as the Pennsylvanian practice. 

The first operation in the drilling of an oil well consists in 
sinking a "conductor" down to the "bed-rock." An ordinary- 
shaft, about 8 or 10 ft. square, is dug to the " bed-rock," when this 
lies at a depth of not more than 10 or 15 ft., and a wooden "con- 
ductor," of somewhat greater internal diameter than the maximum 
bore of the well, is then placed so aa to extend from the floor of 
the derrick to the "bed-rock," the junction with the latter being 
very carefully made, in order to prevent the entrance of gravel 
and mud into the well. 

In cases where the superficial deposit is too thick to admit of 
digging to the rock, a strong iron "drive-pipe," furnished at the 
lower end with a sharp steel shoe, ia driven down, as in pile 
driving. This is, however, an operation which requires consid- 
erable skill, since it is difficult to maintain the vertical position 
of the pipe, especially when the depth extends to 200 to 300 ft. 
When the rock is less than about 60 ft. from the surface, the drill- 
ing tools cannot at first be worked in the usual manner, and the 
operation of drilling is commenced by "spudding." For this 
purpose the drilling tools are raised and dropped by tightening 
and then slackening the cable, which is coiled either two or three 
times round the axle of the revolving bull wheel, the end being 
held by the driller, so that, by loosening it, he can let the drill 
drop, or, by tightening it, can cause the tools to be raised; or the 
cable is attached to the crank of the band wheel by a "jerk rope."' 

The further operation of drilling, as practised in Pennsylvania, 
is, in general, as follows: 

When a sufficient depth has been reached by spudding to admit 

' See Figs. 69 and 60 in the following section on Drilling Mtihod* and 
Appliances. 
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of the introduction of a full "string of tools," the spudding 
machinery is abandoned. "Now," to quote Carll,^ 

"the coil of drilling cable is rolled into the derrick, and set upon end. 
The free end in the center of the coil is tied by a connecting cord to the 
rope just detached from llie ring socket, and by it drawn up over the 
crown pulley and down to the bull-wheel shaft, where it is fastened; 
the buil rope is put in plncc, the engine started, and the men carefully 
watch and guide the cable as it is wound, coil after coll, smoothly and 
solidly upon the shaft. When thia ia done, the end of the cable de- 
pending from the crown pulley is secured to the rope socket, and the 
full set of tools is attacheds and wung up in the derrick. After carefully 1 

screwing up all the joints (the bull rope having been unshipped), the 
tools are lowered into the hole by means of the bull-wheel brake. The 
band-wheel crank is then turned to the upper center; the pitman is 
raised and slipped upon the wrist pin, where it is secured by the key and 
wedges; the temper screw is hung upon the walking beam, instead of 
from the top of the derrick as before. Some 15 to 20 ft. of slack cable 
should tie pulled down and thrown upon the floor, to give tree move- 
ment to the drill. When the drill is rotated in one direction for some 
time, the slack coils around the cable at the well mouth; if it becomes 
troublesome, the motion is reversed, and it uncoils. Only by thia 
constant rotation of the drill can a round hole be ensured. 

"Having now made all the necessary connections, it only remains to 
give the engine steam, and the drill will rise and fall with each revolu- 
tion of the band wheel, and commence its aggre8ai\-e work upon the 
rock below. From this point downward, the daily routine of the work 
is very monotonous, unless some accident occurs to diversify it. Day 
and night the maeliinery is kept in motion. One driller and one 
engineer and tool dresser work from noon until midnight (the 'after- 
noon tour'), and another pair from midnight until noon (the 'morning 
tour'}. Up and down goes the walking-beam, while the driller, with a 
ahort lever inserted in the rings of the temper-screw, walks round and 
round, first this way, then that, to rotate the drill. He watches the jar, 
and, at proper intervals, lets down the temper screw as the drill pene- 
trates the rock. When the whole length of the screw has been 'run 
out,' or the slow progress of the drill gives warning that it is working in 
hard rock and needs sharpening, he arranges the slack cable upon the 
floor, so that it will go up freely without kinks, and informs the engmeer 
that lie is ready to 'draw out.' After attending to the needful pre- 
liminaries, the driller throws the bull rope upon its pulley, and quickly 
steps to the bull-wheel brake, while the engineer commands the throttle 
of the engine. Tlic walking beam and the bull wheel are now both in 

' Caku., "The Geology i>t the Oil Itegjoiis of Warren, Venango, Clarion 
and Butler Counties," ;106. 
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motion, but, at the proper moment, one man stops the engine and the 
other holds the bull wheels with the brake just when all the slack oabid 
has been taken up, and the weight of the tools is thus transferred from 
the temper screw to the crown pulley. This is a performance requiring 
experience and good judgment, for, should any blunder be made, a 
breakdown must certainly result. 

"To loosen the clamps on the cable, and unlock the pitman from 
the wrist pin and lower it to the main sill, is but the work of a 
moment. Dropping the pitman nuses the end of the walking beam 
with the temper screw attached to it, and throws them back from 
their former perpendicular over the hole, so as to allow the cable and 
tools to run up freely without interference with them. Steam is now 
turned on again, and the tools come up. 

"When the box of the auger stem emerges from the hole, the engine 
is stopped. A wrench is slipped on the square shoulder of the bit, and 
the handle dropped behind a strong pin fixed for that purpose in the 
floor; another wrench is put on the shoulder of the auger stem; a stout 
lever is Inserted in one of a series of holes bored in the derrick floor in 
a circle having a radius a little less than the length of the wrench handle, 
and it is brought up firmly against the upper wrench handle, thus making 
a compound lever of the wrench and greatly increasing its power. Both 
men give a hearty pull on the lever, which 'breaks the joint,' or, in 
other words, loosens the screw joint connecting the bit with the auger 
stem, so that the bit can be unscrewed and taken off by hand after it 
' has been brought up above the derrick floor. The wrenches are then 
thrown off, steam is let on again, and the bit rises from the hole. Now 
the driller throws off the bull rope by operating a lever with one hand, 
while with the other he catches the bull wheel with the brake, holding 
the tools suspended a few inches above the floor. At the same instant, 
the engineer shuts oft the steam, or else, suddenly relieved of its heavy 
work by unshipping the bull rope, the engine would 'run away.' It now 
remains only to hook the suspended tools over to one side of the derrick, 
and the hole is free for the sand pump. 

"While the driller is sand-pumping, the engineer unscrews the worn 
bit and replaces it by one newly dressed, so that there may be'no delay 
in running the tools into the well again when sand-pumping is finished. 

"The 'line' to which the sand pump is attached, passes over a puUey 
near the top of the derrick, and thence down to the sand-pump reel, 
which is operated from the derrick. While sand-pumping, the pitman 
remains disconnected, the bull rope lies slack on its pulleys, and the 
band wheel is kept constantly in motion. A slight pressure on the lever 
brings the friction pulleys in contact with the band wheel, and the pulley 
immediately revolves, the slack sand-pump line is quickly wound up, 
and the sand pump, which is usually left standing at one side of the 
derrick, swings out to the center and commences to ascend. Just now 
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Eke lever is thrown back, and the connection between the friction pulley 
and the baud wheel being thus broken, the sand pump commences to 
descend into the well by its own gravity. It it be likely to attain too 
great speed in its descent, a movement of the lever, to bring the pulley 
either forward against the band wheel, or backward against the brake 
post, will quickly check it, and thus the speed may be regulated at will. 

"As soon as the pump strikes bottom, additional steam is given to 
the engine, and the lever is brought forward and hold firmly, while the 
sand pump rises rapidly from the well. The sand pump is usually run 
down several times after each removal of the toola, to keep the bottom 
of the hole free from sediment, so that the bit may have a direct action 
uxKin the rock. 

"After the hole has been sufficiently cleansed, the sand pump is set 
to one side, the drilling tools are unhooked and, swinging to their place 
over the well mouth, are let down a short distance by the brake, the 
wrenches put on, and the lever is applied to 'set up' the joint connecting 
the replaced bit to the auger stem. Then removing the wrenches, the 
tools are allowed to run down to the bottom, under control of the bull- 
wheel brake. Connections are now made aa before, the driller com- 
mences his circular march, the engineer examines the steam and water 
gauges and the fire, and then proceeds to sharpen the tool required for 
the next 'run,' and thus the work goes on from day to day until the 
well is completed." 

DRILLING METHODS AND APPLIANCES' 

This section has been prepared for the purpose of imparting a 

general descriptive knowledge of the different kinds of mechan- 
ical derices employed in the production of crude petroleum. 
The several practices in use at the present time are based upon 

' The ftuthofB are indebted to E. E. Grevb, Chief Engineer, Oil Well 
Supply Company, Pittsburgh, Pa., for much of the information embodied 
in this sec tin n. 

The literature relating to petroleflm well-boring is, for the most part, of 
little value, wlien one examines it critically in the light of present-day 
practice. However, a select bibliography has been prepared for ones who 
may find it necessary to atudy the subject along broud lines; this follows. 

On the "History of Drilling and Deep Weil Record," see Bowman, Petrol. 
Rev., 26 (1911), 239, 240, 275, 276; for an account of a recording apparatus 
in petroleum drilling, see Coppelovici, RcoUta Petrolutui, 1 (1908), 78; on 
the methods of drilling employed in eastern Europe, see Eastlake, Trans, 
Fed. /nsi. Min. Eng., 3 (1S92), 693; flush-drilling has been discussed by 
Fauianski in Ropa, 1911, No. 8; FAtJCK has deacribed" Boring Machinery 
in Petroleum Mining" in Firtl Internat. Petrol. Congr., 1900, 74; hydraulic 
drilling machinery in Naphia, 9 (1901), 291; and other phases of deep 
boring in idem, S (IdOl), 346, 363, 443; 10 (1902), 37S; Petroleum, 1 (1905), 45; 
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fundamentals which have been handed down from the first 
periods of oil de^'elopment. The mechanical appliances in use 
vary somewhat in different localities, although the same prin- 
ciple is employed with some modifications; and each of the dif- 
ferent systems of operation in practice to-day, has its advaotages 
and disadvantages, according to the geological ftnmation of the 
territory in which the operations are carried on. The old or 
obsolete methods of operation merit no consideration and at- 
tention will be given only to the methods as they are being prac- 
tised to-day; these methods' are: 

mechanical and hydraulic drilling has been cousideied at some length by 
Ftte, Kaphta, IS (1008), 186; for considerations of boring aystems, aee 
Gebhabdt, Org. Ver. BohHeehn., 18 (1011), 97, 109, 124, 13fi, 163; OD 
"Modem Deep Drilling Practice in Europe," see Halder, Mining Man., 
U (1906), 33; oil-drilling by electric power has been conaidered by Hetite- 
HANN, MonU. Int. PUtoI. Bourn., S (1905), 396; on the use of «xph)8ivea, aee 
Meobcuex, Aitfo. Indutlr.-Z., S6 (1909), 214; Naphia, 9 (1901), 343; the 
articlea by Petit in Naphia, 10 (1902), 63, 107 and Itig, an of interest; oa 
boring tools and methods for large holes, see Romaitovski, Own. Jitnu, i, 
1; on the use of torpedoes, see Naphia, 15 (1907), 390; for the application 
of electricity in boring, consult St, EuiuA?r, Monit. InL PitroL Bourn., 7 
(1906), 509; on the "Rationell" boring machine, see ScHXNK,Orp. Ver. fioAr- 
Uchn., 17 (1910), 13; on the "lUky" system, see Siodak, NapUa, » (1801), 
47; for a system of boring without removal Qf instruments, see Sokolovski, 
Gom. Jwn., t (1879), 189; on various defects in boring, see Nepht. Dido, 
1907, Xo. 11; SwiERCZEwsKt has discussed flush-drilling in undeveloped 
fields in Ropa, 1911, No. 8; on the Canadian system, see Walter, OeHerr, 
Z. Berg-lliUI., S3 (1884), 512; on extracting oil from boreholes, see Tajbot, 
Eng. Min. J., 87 (1909), 1001, and 8B (1910), 1270; for an account of an 
instrument for ascertaining the inclination of boreholes, see BmiNiNa and 
GuTUKiE, Tram. N. Eng. Inst. Eng., 29 (ISSO), 61; and on waUr in bore- 
holes, see MiRCEA, Monil. Int. Pilrol. Roum., 7 (1906), 121. 

For further information on drilling, consult Tecklenbubo'b "Handbuch 
der Ticfbohrkunde," 6 vols., Leipzig, 1886-1896; the " Kalender fOrTiefbohr- 
Ingcnieurc, Techniker Unternehmer und Bohrmeislcr" of Ubbintb, Frank- 
furt a. M., 1908; and Ibler's "Well-Boring fur Water, Brine and Oil," 
2d. ed., London, 1911. 

On drilling for petroleum, reference should especially be had to Report 
No. S91 (1, 146), Canada Deparlment of Mimi, Mines BrantA, l»14i (md 
to BidUlin 69 of the California Slate Mining Bureau, 1914. Riga and 
equipment have been ably dlacuKsed by Paine and Stroud in their "OQ 
Production Methods," 1913, 55 el seg. 

Tho evolution of drilling Hgs has been considered at length by R. B. 
WooDWOKTH in Butt. Am. Inst. Min. Eng., 1915, No. 107, 2247-2312. 

' For ft full account ot tiie I'aciiic coast methods of production — some 
experts state that the California drilling practice embodies the moat ad- 
vanced methods in the industry — see Paine and Stbodd, op. dL 
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T Pow f Cable tool (American syatein), 

[Pole tool (Canadian system). 
II. Hydraulic rotary system. 

III. Combination system. 

IV. Hydraulic circulating system. 

Percussion or Cable-Tool Method 

This method of drilling embodies the dropping and raising 
alternately of a heavy weight (which is the weight of the tools), 
BO that repeated blows will be delivered to the formation through 
which the well is being drilled. The outfit necessary to carry on 
this system consists of: 

No. 1, Derrick (includes wheels No. 5. Sand reel. 

for operating oablee, alt eilU No. C. Sand line. 

and frame work). No. 7. Drilling oable. 

No. 2. Boiler. No. 8. Crown block. 

No. 3. Engine. 
No. 4. Tools and accessories, 

such as wrencbes, baiier, 

forge, etc. 

There are three kinds of drilling rigs: the "Standard," which 
rig is used principally in the east; the "California" rig, used 
mainly in the middle west and south; and the "California Im- 
perial" rig, which is used principally in California and Canada, 
and extensively in foreign countries. The important advantage 
of the "California" and "California Imperial" rigs is that these 
rigs are so constructed as to facilitate greatly the handling of 
long and heavy strings of casing. 

"Standard" Rig. — The "Standard" rig, as shown in Fig. 59, 
consists of the followii^: 

A Nose sill F Tail post 

Ai. '. *. • Mud Bills H', R* Bull-wheel poets 

B Main sill R' Bull-wheel post brace 

C Subsill K> Sand-reel lever 

D Ssnd-reet Uil sill K' Sand-reel handle 

N Derrick foundation posts J Walking beam 

0, 0' Derrick sills S Headache post 

m-m' Engine mud sills M Pitman 

1*, I* Engine pony sills X Crown block 

1 Engine block Y Sand-sheave pully block 

n Bumper, engine block to J' Adjuster board 

mud sill 
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The rig shown in Fig. 59 gives an idea of what is required to 
constitute a "Standard" rig, with the exception that the boiler, 
forge, tools, bailer, and wrenches are not shown. 

To operate this rig, the tools are attached to the drilling cable 
(r). The cable then passes over the crown pulley on top of the 
derrick and down and is spooled and fastened on and to the bull 
wheels (g). The tools are then lowered into the hole, provided 
drilling has been carried on. This is accomplished by raising 
the derrick lever (f) and the weight of the tools will cause the 
drilling cable to be unwound from the bull-wheel shaft. When 
the tools have reached the proper depth at which drilling is car- 
ried on, the lever (f) is forced down and held by means of a chain 
attached to the floor, thus preventing the unwinding of any more 
cable from the buil wheels. The pitman (M) is then raised and 
its lower end is passed over the wrist pin located in the crank on 
the band-wheel shaft. The temper screw (not shown in figure), 
which is fastened to the other end of the walking beam, is then 
attached by means of clamps to the driUing cable. The cable 
is made either of manila or wire rope as the case may be. Some 
slack hnc is finally run off the bull wheels and the driller starts 
to operate. It is readily seen from the illustration that, by 
bringing into use the large diameter of the band wheel, great 
power is obtained, wliich is nccofimry in order to swing the tools. 

"California Imperial" Rig.' — This rig is practically the same 

' On drilling in California, see Jewell, Min. Sn. Press, 101 (1910), 775; 
103 (1911), 44; and Haueb, WesUm Eng., 3 (1913), 447. 
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as the "Standard" rig, with the exception that the derrick is usu- 
ally liigher and wider at the base, being 24 ft. square at the base 
and from 106 to 136 ft. in height. A calf wheel is also used. 
This wheel effects a great saving of time when much casing is 
to be handled and is used for operating the casing line, which 




F^iG. 59. — Side elevation and ground plan of the "Standard 



line, after being spooled on the shaft of the calf wheel, passes 
over the pulleys on the crown block and through the sheaves 
of the easing block. By this means great power can be ob- 
tained, due to the fact, that there can be as many lines operating 
between the sheaves on the cron-u block and the casing block 
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afi there are pulleys. The reason that the calf wheel i 
brought into use when operating with the "Standard" rig 
a that this rig is used principally in localities where casing 
is only carried down through the surface sand and the hole 
,3 then drilled open until completed. In cases where the for- 
mation caves, a string of pipe or casing must be carried down 
with the tools as the depth increases, and invariably it ia neces- 
sary to work this casing every few hours in order to keep it free. 
The formation, in caving, comes into contact with the casing 
and prevents its being moved: it is"frozen." When this occurs, 
it means that the pipe must be alternately raised and lowered 
until it becomes free and loose. By having the calf wheel this is 
readily accomplished, as it simply means the pulling of the toola 
out of the hole and attaching the elevators, which are suspended 
from the hook on the casing blocks to the casing. The calf 
wheel is then operated by throwing in a clutch on the band-wheel 
shaft. 

Fig. 61 shows the plan of the "California Imperial" rig. 

"California" Rig. — This rig is the same as the "California 
Imperial" rig, with the exception that it is not nearly as heavy; 
the derrick is not as high and tlie calf wheel is not driven by 
means of a sprocket chain. The sprocket rim on the calf wheel 
and clutch sprocket on the band-wheel shaft of the "California 
Imperial" rig are replaced by a rim and tug pulley with which a 
rope drive is used and the clutch is dispensed with. This method 
is not nearly as easy to oijerate as the sprocket drive for the rea- 
son that the rope has to be thrown off and on by the driller's 
assistant or tool dresser and no clutch is used. 

Derricks are also built of structural steel and pipe as shown ia 
Figs. 62 and 63, The advantages claimed for these derricks 
are that there is less resistance to the wind, they are easily erected 
and dismantled, and the deterioration is not as great as that of the 
wooden derrick. The steel or pipe derrick can be easily painted 
and its life of operation may be thus prolonged,' 

Very often drilling operations are to be carried on in places 
where it is difficult to move in heavy machinery and the portable 
machine is then used. These are made in quite a variety of 
designs, the main object being to have a machine which can be 
moved from one location to another without incurring a great 

' On the advantages of steel drilling rigs, see R. B. Wooowokth, BuU. 
Am. Inst. Min. Eng,, IftlS, No. 107, 2247-2312. 
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Flo. 61. — The plan of th« "Califonuft Imperial" ri|. 
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deal of expense. Some of these machines are mounted on wheels 
and are hauled from place to place, while others are eelf-propelled. 




In cases where a rig must be moved in sections, a machine such 
as shown in Fig. 64 meets with great favor, as it can be taken 
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apart so that no part would be too heavy to transport over roiigh 
and difficult ground. These machines ate not adapted to drilling 
to very great depths, but are applicable to holes of average depth. 




Figure 66 shows a traction stcani-tlrivcn drilling machine, 
which is made entirely of steel and therefore gives great rigidity; 
it is especially adapted for drilling where the climate is such that 
wood would warp, with the result that constant repairs would be 
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Pio. 66. — The "No, 3 Columbia" driller. 
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neceasary in order to keep the mechamsm of the machine in 
proper alignment. This machine is so constructed that the mast 
is carried on the machine and can be raised into position and guyed 
with very little loss of time. The machine is operated by s 
steam engine through the medium of a belt. 

The band-wheel shaft carries the cranks which operate the 
beam to give the raising and dropping of the tools. Clutches 




Fro. 07.— The "Columbia" driller. 

are used for operating the bull wheel and auxiliary reel, and the 
sand reel is operated by means of a friction drive. 

Figure 67 shows a portable non-traction machine with the 
cable arranged for spudding. It is easily seen that, when spud- 
ding, the raising and dropping of the tools is obtained by the 
operation of the walking beam. This method gives a very 
steady and long stroke, which is essential, as it eliminates a 
great deal of the stress on the machine. 
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Figure 68 shows a gasoline-driven machine, which ia the same 
as the above mentionedj with the exception that a gasohne engine 
is used as the source of motive power instead of a steam engine. 
The gasohne or gas engine has not as yet proved a success in drill- 
ing, for the reason that the variation of speed necessary to get the 
proper operation of the tools ia not obtainable. However, thia 




Pig. 68. — GasoUne-driven drilling machine. 

source of power is appreciated in cases where water and fuel are 
scarce. 

Boilers. — Thfe boiler used almost exclusively for can-ying on 
well-drilling operations is that known as the horizontal tubular 
boiler. This boiler is made in two tj-pcs, known as the "loco- 
motive type," shown in Fig. 69; and the "California type," 
shown in Fig. 70. The "locomotive type" boiler is one which ia 
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quite extensively mounted on wheels, thereby making it portable 
and easy to move from one drilling location to another. The 
"California type" is bricked into position and is not easily moved 
from place to place.' 




pumping boiler of the "CalifoniiftJ 



Crown Block. — ^The term "crown block" refers to those beamav 
which are usod on the top of the derrick and which support thefl 
pulleys over which the different cables used in drilling operatiotiSn 

' See Menhn, J. Eke. Power and Gas, 86 (1913), 51. 
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are carried. These blocks are now made of steel, as shown in Fig. 
71. This block has six pulleys, the four outside pulleys being 
those used for operating the casing line. The large pulley in the 
center is known as the crown pulley, and is the pulley over which 
the drilling cable operates. In line with the crown pulley is a 
narrow pulley which is known as the sand-line sheave, over 
which the sand line runs. 

Drilling rigs used in the east as a rule employ crown blocks 
having but two pulleys, the crown pulley and the sand-line sheave. 
The crown block shown in Fig. 71 is one such as ia used in Cali- 
fornia and foreign countries, as in these localities the geological 
fonnation necessitates the use of a crown block which will permit 
of the use of a casing line which can be operated without inter- 




FiG. 71. — Crowii block of the type used in California and for^gn countries. 

fering with the operation of the drilling line or sand line. One 
corner of the derrick willoften settle and will therefore throw 
the crown block at such an angle that the lines will not hang 
in the center of the derrick. UTien this happens, it is cus- 
tomary to jack up the leg of the derrick and level up the crown 
block. Very often this method is not followed, and, in order to 
obtain the hanging of the different lines in the center of the 
derrick, certain sheaves or pulleys are moved. To accomplisli 
this, the bearings carrying the sheaves or pulleys sire on a sliding 
base aa shown. 

Bailers. — As drilling progresses, the cuttings become mixed 
with the water in the hole, and, after carrying on operations for 
a certain length of time, the drillings, together with the water, 
form a mud which docs not permit of the free operation of the 
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tools. The tools are then withdrawn from the hole, and the bailer 
attached to the sand hue is lowered into the hole and the mud 
removed. There are a number of bailers, but 
Fi^. 72, 73, and 74 illustrate the general con- 
struction. Figure 72 shows a sectional flush 
joint dart bailer which can be made in any 
desired length; the object of the flush joint is 
that this bailer can be used in cases where it is 
desired to run a bailer of maximum diameter 
through the casing already in the hole. When 
this bailer is lowered to the bottom, the dart is 
raised and the fluid enters in at the bottom. In 
cases where there is considerable liquid in the 
mj hole, it will also enter at the top cf the bailer. 

I Another style of bailer is one which is not a 

i ^ flush joint bailer, ngure 73 shows the top of 

the bailer and Fig. 74 the bottom. By using the 

top and bottom, any length of pipe desired can 

be used, thereby giving a length of 

foT bailer which would only be limited fT^ 

P _„ by the height of the derrick in j I 

SectiooAl flush which it is to be operated. HI 

joint dart SandPumps. — Where a great deal || I 

of sand is encountered, a special U 

pump is used for removing it from the well. Such Fio. 73. — 
a sand pump is shown la Figs. 75 and 76. The JXr? * '^"""^ 
sand pump is a bailer with a plunger and the 
valve and seat in the bottom of the pump bo constructed that 
^_^ they can be swung downwardly, thereby permit- 

tlM ting of the unobstructed dumping or emptying of 

[ I the pump at the surface. In Fig. 76 the bottom 

y™ of the sand pump is shown in a closed position, 

T^ and in Fig. 75 it is shown open and ready for 

r^S dumping the sand. To open this valve when the 

P ^^4 pump is loaded, it is merely necessary to allow the 

Bottom of a weight of the pump to rest on the small pin shown 
casing bailer. ^^ ti,e inside of the beveled edges of the bailer 
bottom. This pin is then raised and the string is forced out- 
wardly, thereby releasing the seat and the valve, and the con- 
tents of the pump drop out. 
Tools. — The string of tools consists of a socket, drilling jars, 
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drill stem, and bit. These different tools are joined together by 
means of box and pin connections, the boxes and pins having a 
certain definite taper. The construction of one of 
these joints is shown in Fig, 77; they are made up 
or screwed together as shown in Fig. 78. This figure 
shows a rack which is the arc of a circle, 
two wrenches, a jack and a lever for 
operating the jack. In order to make 
up a string of tools, a swivel wrench such 
as is shown in Fig. 79 is employed in 
connection with the derrick crane, as 
shown in Fig. 80. 

For instance, we will say that we in- 
tend to screw the bit into the drill stem. 
The drill stem together with the socket 
and jars will be suspended in the derrick 
from the drilling cable. The swivel 
wrench will be suspended by a differen- 
tial block from the derrick crane and the 
square under the pin of the bit will be 
placed inside the recess of the swivel 
wrench. By means of the differential 
block, tlio wrench and bit will be raised 
untU the pin of the bit enters the box of 
the stem. Then, by means of the two 
projecting handles on the wrench, the 
bit is screwed into place. The wrench 
is then removed from the bit, and the 

Pbit and rest of the tools are moved over 
and lowered into the hole until the 
square of the bit comes approximately 
a little above the casing or the floor of 
the derrick. The wrench, Fig. 79, is 
Fia, 7fl; then pa,ssed around the square of the 
^d^pamp. '*'*' ^°** ^^^ ^°^ °f ^^^ wrench placed 
against the wrench post. Insofar as the 
thread on these joints is right-hand, the other wTench Fio. 76. — 
is then placed on the square above the box of the 119J' numD 
stem. The end of this second wrench rests against 
the jack. By operating this jack the joint is screwed up until 
sufficiently tight to permit of the operations being carried on 
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without the possibility of the joint comitig loose. Great care is 

exercised in making up these joints, as it is very ea^ to exert 

too much pressure on the jack and jump the pin, or, in other 

words, break the pin off. If the joint is not made up 

|||pT| sufficiently tight, there is a strong probability of it 

I II l^<=oming loose and some of the tools being lost in 

the hole. 

Rope Socket (Manila Rope). — The top of the string 
of tools, or that part which connects the rest of 
the string with the drilling line, is known aa the rope 
socket, and such a socket ia shown in Fig. 81. To 
attach this socket to the rope, the following practice 
is observed: The end of the rope is passed down 
through the neck of the socket and out through the 
elliptical hole shown on the side of the socket. 
Enough rope is passed through so that approximately 
10 in. or 12 in. of rope can be unraveled and then 
small pieces of soft rope, approximately 10 in. long, 
are laid in between the strands of unraveled rope 
and at right angles to the lay of rope. The strands 
of rope are then put back into their original posi- 
tion and the end of the rope is wound with string 
so as to prevent its unraveling. This will give an 
enlarged portion of rope near its end, and, due to the 
weight of the tools, this portion is pulled into the re- 
cess in ilie side of the socket, it being too large to 
pass through the neck of the socket. When first 
operating this socket, the rope will project beyond 
the socket proper, but, due to the friction against 
Tlic taper the casing when the tools are lowered and raised in 
is now Til tl^c 'hole, the rope will be worn off smooth. The 
Bcncrul use. bottom of the socket has a female thread which is 
hae been known as the box. 

found to bo Rope Socket {Wire Rope). — Figure 82 shows a 
the oid'^atyle "^P^ socket such as is used for connecting wire rope 
t to the tools. This socket shows a rope passing 
through the sleeve and attached to plug slips at the 
bottom. This is known as a swivel rope socket, as it permits 
the tools to rotate in one direction. For instance, when the 
tools are being lifted, the weight causes the lay of the line to 
have a tendency to unravel, and, as the tools descend, the line 
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Fia. 80. — Tee-beam ball-bearing derrick crane. 
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tends to go back into its original shape and, in doing so, causes 
the tools to rotate, this rotation being facilitated by means of a 
swivel in the socket. It is readily seen that with this kind of 
swivel the tools will rotate in one direction, 
which is a much desired effect. 

Jars. — Attached to the socket are jars 
such as shown in Fig. 83. In some locali- 
ties jars are not used, but, as they are used 
in most drilling, they are here included in 
the string of tools. These jars have a pin 
on one end and box on the other, and are 
connected together by means of interlock- 
ing links, or reins, as they are properly 
termed. The jars are principally used in 
cases where the tools have become stuck in 
the hole and it is necessary to jar them 
loose. It is the practice to place the jars 
between the socket and stem when dniling. 
In fishing it is very often customary to 
place the jars below the stem, so that the 
weight of the stem may be broi^ht into play 
to give a heavy blow. 

This appliance was introduced in 1831 
by WilUam Morris; it was at first known 
as the "slips" and was employed in brine- 
well drilling. 

Stem (Auger). — ^A stem such as shown 

in Fig. 84 is the next tool below the jars 

Flo- 81. Ra. 82, uged in the string. These stems are solid 

&a" ro^ ropesoc^t ^nd are of such length and diameter as are 

socket for wire required by the hole in which operations 

line, Pros- . . . , 

ser patent. """^ being carried on. 

Sinker Bar, — Figure 85 shows a sinker 
bar, which is of the same construction as the stem, but is ap- 
proximately one-third as long. The sinker bar is not very often 
used, but, when used, is placed between the jars and the socket. 
The function of this bar is to give more weight to the blow on 
the jars when drilhng in clay or sticky formation, for in this case 
a bit has a tendency to stick. The blow mentioned is that re- 
quired to release the bit should it become stuck. 
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Bit. — Figure 86 shows a drilling bit, which is attached to the 
lower end of the 8t«m. This bit is dressed in different ways, ac- 
cording to the ideas of the driller and the nature of the formation. 



Pia. 83. — Drilling jar. 




Fio. 84. — Fio. 85.— Fia. 86.— Fia. 87. — Austrian under- 

Auger atem. Sinker bar. Drilling bit, Cal- reamer for reaming out 
ilomis pattern. drilled holes. 

In some cases the bottom edge is beveled and in other cases it is 
dressed concave. In drilling it is necessary to keep this bit up to 
gauge, so that the hole will be kept true and will not have to be 
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reamed out in order to permit of tbe placing of casing in the hole. 
Also, if the bit gets too much out of gauge, the hole will become 
conical; and should a new bit dressed out to gauge be then run 
into the hole, it will stick and cause considerable trouble in get- 
tii^ it loose.* 

Uaderreamer. — An underreamer is shown in Fig. 87, The 
purpose of the underreamer is to ream out a hole after it has been 




Fia. 88.— Slip sockets. 

drilled, so that casing can be readily inserted. In the figure the 
cutting knives are shown in operative position; that is, the 
knives assume this position as soon as the underreamer has passed 
through the bottom joint of the casing and into the open hole. 
The underreamer, in passing through the casing, has these knives 
closed inside of its body, and, as soon as they are free from the 
casing, they are forced out into operative position by means of 
a spring. 



Fia. 89. — Horn sorkot and bowl. 

Fishing Tools. — To carry on drilling operations successf'illy, it 
is essential that fishing tools should be readily obtainable. There 
are a great many conditions which can take place, such as the 
losing of tools in the hole, due to breakage of some part in the 
string, parting of the line, caving, or, in fact, mishaps too num- 

■ As the bole is never drilled quite true, and an allowance haa also to be 
made for the laq^er diameter of the sockets connecting the lengths of the 
casing, a 13'in. bit ia used for drilling a hole which is to receive lO-in. 
caaing, a l&-in. bit for 7%-ui. casing, and a 7M-in. bit for 5^-in. casing. 
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crous to meDtioQ. New tools for different fishing purposes are 
being constantly placed before the public and two of these are 
shown in Fig. 88, a slip socket with and without a bowl. The 
slip socket is, as the term implies, a socket in which operates 
a slip. This socket can be run into the hole and, passing over 
the lost tools, is then raised, at which time the slips take hold 
and the lost article is removed from the well, 

Horn Socket. — This socket has the same function as the slip 
socket, with the exception that no slips are used and, by jarring 

down on the socket, a friction 

hold is taken on the lost tool. 

If the hole is of such diameter 

that the lost article rests against 

the wall or side of the hole, a 

bowl such as shown in Fig. 89 

is attached to the bottom of the socket. The function of this bowl 

is to guide the last article into the socket itself. 

Boot Jack. — This jack has a plate pivoted to one of the jaws. 
In lowering the jack down into the hole, this latch is raised when 
it comes in contact with the article to be removed, and the bail 
of the bailer, or any such article, passes up in between the jaws 
of the jack. As the tools are now raised, the latch seats itself, 
and the bail or article is retained in the jack and removed from 
the well. 

JflT Knocker or Bumper. — -Very often in pulling tools out of a 
well they become caught under the drive shoe or lower joint of 



Fig. 90. — Boot jack, which is used 
aa a bailer grab and also to take hold 
of broken jars. 



FiQ. 91. — Jar knockpr or bumprT. 

casing and must be jarred loose. When this happens, such a 
tool as shown in Fig. 91 is attached at its upper end to the sand 
line. The lower end passes around the drilling line. It is then 
lowered into the hole and bumped on top of the socket until the 
tools have become loosened. 

Rope Knife. — Where the tools have become stuck and cannot 
be removed, due to the fact that no action can be obtained by 
bringing into play another string of tools, it is the practice to 
cut off the rope or drilling line close to the socket. This is 
accomplished by passing the drilling line through a rope knife and 
lowering this knife down oo the line until it gets into such a posi- 
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tion as to enable the rope to be cut. Then, by jarrii^ down on the 
m&ndrel, the knife is extended and the rope cut. The rope and 
knife are then withdrawn and a string of tools lowered into the 
hole. On the bottom of the fishing string a shp socket is used, 
which socket passes over the rope socket of the lost string. 
By jarring up on the second string of tools, the first string will 
Jsecome loosened. 




TwoWliiB Three Win« 



Fici. 94. Fia. 95. 






Fia. 92. HbII PHteot Fia. 93. 

Fig. 92. — Mapes patent knife for cutting w 

Fio. 93.— Rope grabs. 

Fia. 94. — FIuteoH wedge, foropeiiing a clear passage through collapsed pipe 
or casing. 

Fio. 95. — Spud, a tool for spudding around and loosening a bit or reamer 
when fast in the well, if disconnected from the rest of the tool. The visual 
length of the blade is S ft. 

Rope Grabs. — Figure 93 shows different tools for fishing out 
lost cable in the hole. The tools are operated by lowering them 
into the hole and the prongs pass down through the coils of rope 
therein. When pulling up, the rope becomes caught on the 
inwardly upward projecting prongs, and is thereby removed 
from the well. 
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Swedge. — Should cafiiog collapse, it is customary to run a 
Gwedge, so that the pipe can be forced out to its origiual diameter. 
It is also a practice to run a swedge through new 
strings of casing which have been placed in the 
hole, in order to insure the proper inside diameter 
of the pipe necessary to enable the bit to pass 
through. 

Spud. — In cases where a bit or 
reamer has become stuck in the 
hole and disconnected from the 
rest of the string of tools, a spud 
is lowered into the hole and, bj 
means of raising and lowering, the 
accumulation of the mateiial ho d 
ing the lost tool is pushed out of 
the way, thereby freeing the too 
so that they can be withdrawn from 
the well by means of one of the 
well-known fishing tools. 

Spears.- — Figure 96 shows a spear 
":ing set, and I''ig. 97 shows the 
slips released from the casing and 
locked to insure free passage from 
the well. The slips have an in- 
clined tapered face which fits the 
^.^^.fi o,.v»,. inclined face in the body of the 
I sliowing thre spear. These two slips are carried 

L raethod of setting "^ .T. 

^^^ Blips, on a crossarm which operates 

^^^^U against a spring. Before the spear 

^^^^B ifi lowered into the hole, the slips are drawn down to Tho'^Uende^ 
^^^^K the lower end of their travel by means of the setting 
^^^^■riool, as shown in Fig. 96. When the slips have been 
^^^^drawn down the required distance, they are held in 
^^^V^ place by means of a latch and the setting tool or 
P yoke is removed. There is some play in the cross- 

I head which enables the slips to have some loose 

[ motion, so that, when the spear is lowered into the 

I hole, the slips, due to their contact with the cas- 

\ ing, will ride freely on the tapered body of the spear and 

against the casing. The serrations on the slips extend up- 
I wardiy, so that the slips will pass in the hole when descending 




trip coaing 
spear, sliow- 
ine tho slips 
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tho casing 
hold a.nd 
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and will not allow the epear to be withdrawn from the hole with- 
out beii% set, as shown in Fig. 97. To operate this spear, it is 
attached to the bottom of the string of tools, or, in other 
words, it replac<es the bit on the string of tools. It is 
then lowered into the hole until it is at the desired posi- 
tion. By pulling up on the drilling line, the slips are 
forced against the casing and, by jarring upward with 
the tools, the casing is supposed to become free. Very 
often it is not possible to free the casing, and, when such 
is the case, it is necessary to withdraw the tools and try 
some other method, such as jacks. In order to with- 
draw the spear, the tools are allowed to jar downwardly. 
Fia. 98. By this means, the slips are released from the 
^J^J^^* cadng and the action of the spring against the 
crosshead forces them up against the shoulder 
of the body of the spear, as shown in Fig. 97. The 
spear is then entirely free and can be readily withdrawn 
from the hole. 

Casing Cutter. — When it is necessary to cut off the 
easily in a well, a casing cutter, such as is shown in Fig. 
98, is brought into play. This cutter is lowered on a 
string of tubing down inside of the casing, until the 
point at which the casing is to be cut is reached. The 
tubing is then held by elevators which rest on a rotat- 
ing plate. A string of rods with a mandrel, with the 
wedge and jar as shown in Fig. 99, is then lowered into 
the tubing and enters the casing cutter body. Due to 
the weight of the rods above the wedge or to the action 
of the jars, the wedge forces the cutting knives or cut- 
ting wheels out against the casing. By rotating the 
tubing, the blocks carrying the cutting knives are also 
rotated, and, due to the expansion of the cutters by ^Wedge 
means of the wedge, the casing is cut. and ;ar 

Casing Perforator. — ^It is sometimes desired to use "atb^^^ 
s casing perforator for the following reasons: First, to 
split the casing in when it has become frozen and the intention 
is to release it by allowing the material on the outside of the 
pipe to pass in through the pipe. Second, it is used in cases 
where strainer pipe is not used and after a well has been com- 
pleted, when the casing is to be perforated in order to allow the 
fluid or gas to enter the well. The casing perforator shown in 
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Fig. 100 works in the following manner: There is a block carry- 
ing the knives which operates on an inclined face inside of the 
body of the perforator. Suspended from the bottom of 
the body, this block has a rod, at the bottom of which 
ia a spring latch. Around this rod is a spring. Fig. 100 
shows this perforator in position to be lowered into the 
well. In being lowered, the spring on the rod beneath 
the body will be in contact with the casing. When 
the point at which perforation is to be carried on is 
reached, the body of the perforator is raised and, due 
to the friction of the spring against the casing, the 
spring remains stationary and the latch on the bottom 
of the rod is pulled through the bottom of the spring. 
As the body is again lowered, the latch seats itself on 
the inside of the spring, thereby causing the rod to pro- 
ject up into the body of the perforator and forcing the 
inclined cutter blocks into a position whereby they will 
be in contact with the casing, ^s the weight is ap- 
plied above the body of the perforator, the blocks car- fig. 100. 
rying the cutters will sUde on the upwardly outward — Casing 
tapered faces and puncture the casing. By continu- to/BhowT 
ously raising and lowering the perforator, the pipe can ing posi- 
be punctured in a number of places, and it can, at perfora- 
any time, be withdrawn from the well. to™ when 

Production.— After a well has been completed, it be- jg befng 
comes necessary, providing the well does not flow, due lowered 
to insufficient pressure, ta use means for elevating the I^j^, * 
oil to the surface.' This is accomplished by inserting 
in the well a string of tubing which is usually 2 in. or 3 in, in 

' The amount of power required in the various operationa of pumping wells 
is indicated by the following tests, with a steam engine, oa wells producing 
oil of about 15°Bfi. 
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diameter. At the lower end of this tubing a pump barrel is at- 
tached. Such a pump is shown in Figs. 101 and 102. In the 
bottom of this barrel is placed a standing valve, and a plut^;er 
is operated by means of rods which pass up through the tub- 
ing and are attached to some actuating means at the surface. 
The difference between the pumps shown in these two figures 
is that in F^. 101 a plunger is used which is made of an upper 
valve and a set of leather cups below this valve. In case it is 
neceaeary to withdraw the working valve of this pump, it only 
necessitates the pulling out of the rods; but if the standing valve 

Average indicated horsepower 3.91 

Average pumping depth (feet) 932.9 

Average pumping epeed (revolutions per minute) 78.6 

PoLUNO RODa — Length, 940 ft.; Size of Enqinb, 9 in. X 12 in. 

Average revolutions per minute 212.8 

Total time (minutes) 25.0 

Averse indicated horsepower 14.08 

Another series of careful testa on five wells showed an average eonaump- 

tion of 6.98 hp. per well in pumping. The engine and band wheel absorbed 

22 per cent, of that power. 

PtTLLiNO Tubing 

Average revolutions per minute -. . 219.9 

Number stands. 18.0 

Total time (hours) 1.0 

Siie (inchee) 3.0 

Length (feet) 940.0 

Average indicated horsepower 14,85 

Lifting Sand Pump 

Number of lifta - 3.0 

Size of pump 6" X 16' 

Lift feet 1040.0 

Size cable (inches) J^ 

Average revolutiona per minute 182.46 

Average time per lift (minutes) 6K 

Average indicated horsepower 26,4 

On oil well pumping methods, eep Cox, Wetlem Eng., 1 (1912), 93; and 
Hutchinson, ibid,, 349. On pumping by compressed air, see Abramb, 
ibid., 234; and Ivens, ibid., 466. Pumping by electricity is accomplished 
by individual motors and a central transformer plant. On pumping oil 
wells by electricity, see Taylor, Gen. Eke. Rev., 17 (1914), 622; Gassawat, 
Western Eng., 3 (1913), 273; and Van Nobden, /. Eke. Power and Gas, 28 
(1912), 423. For a comparison of electricity with steam power, see BuU. 
69 of the Calijomia State Mining Bureau, 1914, 160 el seq. On pumping 
California crude oil, see Bowie, Eng. News, Dec. 2, 1916. 
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is to be removed, a socket or other means is run in 
, through the tubing after the rods have been withdrawn 
and the standing valve extracted. Fig, 102 is a pump 
known as the "plunger pump." In this pump the 
cup&are replaced by means of a tight-fitting plunger, 
which operates over a rod having a head at one end 
and attached to the standing valve on the other It 
is readily seen that by this means the stand- 
ing valve is withdrawn at the same time as 
the rods. 

The methods of actuating these pumps dif- 
fer. In one the rods are actuated by fasten- 
ing them to the end of the walking beam 
Another means, the method employed where 
the derrick, beam, etc., have been remo\ed, 
is shown in Fig. 103. This mechanism is 
known as a pumping jack, and, by attachmg 
pull ropes or pull rods to the lower strap, 
the pump is operated. These jacks are oper- 
ated in the following manner: A pumpmg 
power, illustrated in Figs. 104 and 105, 
is installed and operated by means of a belt 
drive from an engine. Fig, 105 shows a struc- 
H tural steel power having two eccentrics, by 
*| means of a belt drive, power is transmitted 
from the pinion to the master gear and the 
eccentric hubs rotate inside the eccentric 
straps, thereby giving a back-and-forth 
movement to the piili ropes or pull rods, 
which are attached to the eccentric straps 
and to the pumping jack. In cases where 
heavy duty is to be performed and it is es- 
— Brass senttal to have the pull rods close to the 
bwTcl "or 8""^"*^' ^ power such as shown in Fig, 104 is j. j™ 
deep well installed. In making this installation, the The "Im- 
with'^bali 1^''8® wheel of this power acts as a pulley and P ^^ ' ^' ' ' 
valves. is operated by a belt drive from an engine, pumii. 

An idler is installed between the engine pulley 
and the band wheel, which gives the proper turn of the belt, en- 
abling it to ride freely on the face of the band wheel. The main 
feature of a power of this design is that the pull rods operate 
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Fia. 103. — The "Simplex" pumping jack. 




Pig. 104.— yteel band wheel patupiiig power. 
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there 



clofle to tiie ground, all bearings will operate in an oil bath, aod 
no possible chance of the power getting out of alignment 
and thereby causing undue stress on the working parts. 
There are cases where it is not desirable to install a 
pumping power and jacks, for the following reasons: 
(1) the wells are too few in number; (2) the distance be- 
tween the wells is too great; and (3) the property is too 
valuable to have a net work of rods playing over the 
surface, thereby preventing the working of the land. A 
power, as that shown in Fig. 106 and known as the unit 
pumping power, is then installed. The figure shows the 
power operated by means of a motor, although an en- 
gine is very frequently used. Weights are placed on the 
end of the beam, the intention being to balance up the 
beam, so that a minimum amount of power is required 
to carry on operations. The action of this power is as 
follows: A gear pinion on the motor or engine shaft 
drives the large gear wheel. On the opposite side of 
the power and on the same shaft is another pinion which 
meshes into the second large gearwheel. To this second 
gear wheel is attached a crank pin and to this crank 

-^"' cf^' P"^ ^^^ pitman from the beam is attached. It is ap- 

sucker parent that, in operation, power transmitted by the 

or pump niotor Operates the beam through the action of the in- 
termediate gearing to the pitman. 
Sucker Rods. — Sucker rods are made of iron, 

steel, or wood. Fig, 107 shows a wooden sucker 

or pump rod having metal wings attached, 

th^se wings embodying a box and pin, which are 

necessary in order to connect up these rods so 

that they can be used for actuating the pump 

in the well. 
Elevators. — The casing, each string of which 

extends from the mouth of the well, is generally Fair's paicatele- 

made up in lengths of 17K to 20 ft., screwed to- ^^J?''' .regular 
, . . , , , , , , pattern of mallt- 

gether, and is raised and lowered by means of able iron. 

a casing elevator, such as is shown in fig, 108. 
This elevator has two Unks and is hinged at the back. There ia 
a latch which locks the two halves of the elevator together when 
it has been attached to the pipe, and the hnks or bails are the 
means of connecting the elevator to the casing block hook. This 
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elevator is attached to the pipe below the collar, against wliich 
it bears. 

Sometimes it is desirable to use an elevator having but one bail, 
and, when this is the case, an elevator like that shown in Fig. 109 
is used. This elevator is made with a body having trunnions at- 
tached thereto and has two doors hinged on this body which open 
and close to admit the entrance of pipe; these doors are locked 
together by meansof verticallyactuating bolts and suchadesignof 
elevator is the strongest that has ever been placed on the market. 




Fio. 109,— Elevator. 




Fio. 110. — Windaor sucker rod elevat* 



For the handling of sucker rods, an elevator of different d 
ia used (see that shown in Fig. UO). This elevator is attached to 
the square of the sucker rod located below the joint and is locked 
automatically by means of a latch which ia actuated in accordance 
with the motion of the bail of the elevator. 

Casing Swlvd and Ring. — ^Tien inserted- or flush-joint cas- 
ing is used, a casing swivel, constructed of a short nipple of the 
particular sized pipe being handled, is employed. For holding 
the casing suspended in the well, or for gripping it when being 
"jacked," a casing ring or "spider," having hardened shps or 
wedges of different sizes to suit various diameters, is used. 
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CAltADIAIT SYSTEM 
The device used in the Canadian method is the one shown 
in Fig. 111. This consists of a derrick, draw works or machinCTy 




Fia 111.. — The Canadian rig. 



used to operate the drill, and engine. With this method of 
drilling, rods are used instead of a cable, as is the case widt 
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the standard or percussion method. The derrick is gener- 
ally 16 ft. square at the base and 60 ft. in height. The string 
of tools used with this outfit consists of a socket, jars, auger 
stem, and bit, the same as used with the cable method. The 
difference between this and the latter method is that the rods 
replace the drilling cable and the temper screw is replaced by 
a ratchet on the walking beam, which ratchet is operated by 
means of a lever and a chain, as illustrated in Fig, 112. By this 
means the driller can very easily lower the tools as the occasion 
requires. This ratchet, or slipper-out, as it is called, is shown in 
Fig. 113. The chain is shown fitted with a swivel at one end; 




Fia. 112.— Drill chain, awivel and clevis. Fig. 114, — Jacket tor spring poli 



this swivel is used in connecting the chain to the drill poles. 
In Fi^. 114 is shown the jacket which slips over the end of the 
spring pole or beam and around which the chain operates. In 
this way the weight of the drilling string on the slipper-out is 
reduced to such an extent that the operator is able to feed or 
lower the tools at his will. Fig. Ill shows that this method 
employs a band or drive wheel, as it is termed, and the 
shaft of this wheel carries a crank having a number of holes, 
the function of these holes being to obtain different lengths of 
stroke. This shaft also carries a tug pulley, which, through the 
medium of the bull rope, drives the bull wheels, the same as in 
the standard method. 
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The Canadian or pole tool system is being superseded by the 
more modern methods, which are much more rapid in operation,' 
due principally to the fact that the tools can be withdrawn from 
and lowered into the hole much more quickly. When oporating 
with the Canadian system a great deal of time, other than that 
actually necessary for drilling, is consumed in taking down the 
drilling string in sections, to replace the bit. 




Fio, 115. — Crowii block. 



HYDRAULIC ROTARY SYSTEM 

In certain formations, it is practically impossible to attain 
any great depth when uaing the cable tool or percussion method. 
When this is the case, the hydraulic rotary system is em- 
ployed. With this system a derrick such as shown in con- 
nection with the cable tool method is used. As no diilling cable 
is used, a crown block such as shown in Fig. 115 is made use 
of. This block has sheaves all of the same size, as they are used 
only for operating the casing line in connection with the casing 
block. 

A rotary (see Fig, 116) is used for rotating the drill pipe. A 
hoist of the type shown in Fig. 117 operates the rotary and the 
casing line. Two pumps of the design sho^s-n in Fig. 118 are em- 
ployed to prevent the caving of the walls of the hole. Powct 
is obtained from an engine as illustrated in Fig. 1 19. 

' The CanadiiLn pole system of drilling ia used almost entirely in Galiois, 
the hydraulic ayatem being forbidden by the authorities, who believe ttut 
this method ia likely to drown out the oil strata. 
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In this method a number of lengths of pipe are screwed together, 
and attached to the bottom of this string is a bit. In cases where 
rock is encountered for comparatively short distance, a bit 
{see Mg. 120 and Fig. 121) is used. This bit has rotating 
cones which are lubricated. As there are a great number of 
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Fiu, 110. — Stcd rotiirj- witii square Ji'iil alvai. 

cutting edges, considerable speed is made through very hiird 
rock. 

By a chain driven by a sprocket on the line shaft, the rotary is 
operated, rotating the pipe. It is to be noted that the top sec- 
tion of the drill pipe is of square cross-section, while the rest of 
the drill pipe stem is round. 

A mud mixer (Fig. 122} is used for mixtng the mud. When 
properly mixed, this mud is emptied into a suoip, into which the 
suction pipe of the pump extends. The mud from the sump is 
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pumped through the stand pipe shonn leaning against the Edde 
of the derrick, then down through llie hose and the swivel (which 




Fig. 117. — Hoist tor operating the 



>■ and the cosing line. 



ia connected to the top of the drill stem) through the drill stem, 
and returns on the outside of the drill pipe, "When it arrives at 




Fia. lis.— Pump 



prevent the caviag of the walls. 



the surface, it passes through a flume and back into the sump. 
The object of this flume is to allow sand held in suspension 
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to settle, so that it can be readily removed. The swivel is shown 
in Fig. 123 and Fig. 124. The construction i3 such aa to permit 




(jf l.hc ivfc I'liLi-^tnct- of the iiiu.l to the drill iiijw iuid ;il Mi 

time to ensure the rotation of the drill pipe without causing 

any twisting of the hose or casing lines. This free rotation is 
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accomplished by means of bearings (Fig, 124) which operate in 
an oil bath. 

Figure 125 showG by the arrow the course taken by the mud as 
it is passing through and returning outside of the drill pipe. This 
figure also showa, a back pressure valve located in the lower 
part of this 4ritl pipe. This valve is used for the purpose of pre- 




Fic, 120 



The bit, line pips ^nd lulirici. _ ... 

pipe, nrhidh ii about 12 ft. ill leu«th. i> filled with ipeciiil bit oU, whi«b 
the iMl DDdai pressure of the walcr abOTO tlie plunjior. 
Fig, 121, — The Sharp and Hughes cone, ahow-iug the sixty 
cutting teeth. 



^^^H venting the plugging or filling up of the pipe adjacent to the biV^ 

^^™ Very often, when high gas pressure is encountered, material ia ' 

r forced up through the ports in the shank of the bit and will plug 

I the pipe, providing no such means as a back pressure valve is 

I employed. With the back pressure valve this is not pOEflibIe.,1 

1 The action obtained by the rotary method is that the mud, i 
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retumicg outside of the drill pipe, plasters up the walls of the 
holes and pre*Vents caving. The plastering is perfected to a 
great extent by the pipe, when rotating, striking the sides of the 
hole and causing the mud to impregnate the caving strata. 
These walla will hold up and prevent caving for a time sufficient 
to enable the operator to remove the drill pipe and set the desired 




string of casii^. For instance, it may be desired to set 2,000 ft. 
of 10-in. casing and we will assume that \b\i-m. casing has been 
set at 300 ft. A bit dressed out so that it will freely pass through 
the 15)^-in. casing is used and 1,700 ft. of open hole are made. 
When this amount of hole has been drilled, the bit and drill stem 
are removed and the 10-in. casing isinserted, providing the opera- 
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tor does not consider it necessary to ream out the hole before 
running in the 10-in, casing. 

Occasionally, when drilling through rock formation, a core 
barrel of the type shown in Fig, 126 is used. When using the core 
barrel, "adamantine" or chilled shot are thrown into the hole 




1-'kj..123. — nyJraulic rotarj' swivel. Fig, 124. — Hydravili 







and rotated upon by the barrel. This action results in the 
cutting out of a core such as shown in the figure. The core is 
readily removed by using an overshot or by dropping small 
particles of iron into the hole, so that they will force themselves 
in between the core and the barrel itself. Then, by elevating 
the barrel, these particles become wedged and the core is re- 
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Fio 125 — \n ill istratii n of the method of mip- Kia. 126. — Section of drilling 
plj ing water to the rotating cutter. well, showing core barrel. 
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moved. In other cases where hard rock is encountered, a drag 
bit (Fig. 127) or a drag shoe (Fig. 128) is used. These tools also 
operate on adamantine, and, due to the rolling effect, the rock is 
gradually worn away. 

It would appear that considerable time would be consumed in 
removing the bit from the hole and replacing it for operation; but 
when pipe is removed from the hole, it is taken out in stands, or, 
in other words, four or five joints at a time are removed and stood 
back in a vertical position in the derrick. This means that every 
fourth or fifth joint must be unscrewed, and, to eliminate all 
possible delay, a tool joint is inserted between the fourth and 
fiith or fifth and sixth joints of drill pipe, as the case may be. 



W — ' 
Fia. 127.— Drag bit. 





FiQ. 128. — Drag shoe. 



Such a tool joint is shown in Fig. 129. This joint is made in 
two parts: the upper part being a pin connection, is screwed on to 
the bottom of the lower joint of stand; the other part of the tool 
joint, known as the box end, is screwed on to the upper end of the 
pipe which is being removed from the hole. With this joint it is 
very easy to remove the casing, as a cat-head on the line shaft 
of the hoist is brought into play. In order to unscrew one of these 
joints, back-up tongs are placed around the box end and another 
set of tongs are attached to the pin end, A rope connected to 
the tongs is wound around the cat-head, and, as the latter re- 
volves, the joint is broken (started to unscrew). The line to the 
cat-head is now removed, as well as the tongs on the pin end of 
the joint; small tongs are attached to the pin end of the joint or 
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pipe above it, and a very few turns are required to disconnect 
the joint.' 

COMBIHATIOK SYSTEM 
In localities where it is desirable to bring into play the com- 
bination of the cable tool and hydraulic rotary systems, the 
operating mechanism is located as shown in Fig. 130. With 




Via. 130.— Combinati 



this system the same material is used for carrying on operations 
as with the cable tool system, with the exception that the 
catf wheel is replaced by means of draw works and hoist. This 
line shaft is operated by means of a chain drive from a split 
socket on the band-wheel shaft. 

'On rotary well drilling, see Parsons, WcsUm Eng., 1 (1913), 450; and 
Rea, ibid., 202. On mud-laden fluid applied to drilling, Bee Technical 
I'apcrs 66 and 68 of the Bweaxi of Mims. 
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; at a 



angle 



B to permit 



l^igure 130 shows the beam swung a 
of the unobstructed spooliDg of the casing line on the hotst drum. 
The swinging of this beam, as shown in dotted hnes, is accom- 
plished by instalhng on the samson post revolving center irons, 
such as shown in Fig. 131. By referring to this it is readily 
seen that, by merely lifting the latch, the beam is allowed to swing 
out of the way; and, when the beam is to be operated, it is swung 
back in line with the samson post and at right angles to the band- 
wheel shaft. When swung in this position, the latch falls back 
into the groove, as shown in the above-mentioned figure. The 
rig shown in Fig. 130 can be operated either as a rotary or 
cable-tool drilling rig. The time required to change over from 




Fio. 131.— Revolving 



for CO mil illation rig. 



L 



the rotary to the cable-tool system is only that necessary to lift 
the rotary away from the hole, which is accomplished in a very 
few minutes. The hoist then takes the place of the calf wheel. 

HYDRAULIC CmCULATIHG SYSTEM 

The hydraulic circulating system has been used in places 
where it was desirable to carry on the cable-tool operations, 
but, at the same time, to use mud for the purpose of holding 
up the walls of the hole. Such a system is presented in Fig. 132. 

The only difference between this system and the cable-tool 
system is that a circulating head is attached to the casing whioh 
is being placed in the hole and closely follows the progress of the 
bit. By means of this circulating head, mud is pumped through 
a hose down through the casing, out the bottom, and up along 
the sides of the hole. 
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With this method it is not necessary to do 
any bailing, as all cuttings from the hole are 
removed by being carried in suBpension with 
the mud forced down by means of pumps. 
Through the circulating head a barrel or 
plunger operates and at the top of this 
plunger is a stuffing box; this prevents the 
mud from returning through the head or 
through the barrel. This method of opera- 
tion is exceedingly sJow, due to the fact that 
it is necessary to follow the bit quite closely, 
so that there will be sufficient pressure of mud 
to remove the cuttings. It has, however, met 
with considerable favor in California and 
Mexico. 

NOTES ON GENERAL DRILLING OPERATIONS 

Conductor Box. — In certain localities the 
surface material consists of loose sandy clay, 
Band, and gravel, varying in thickness (espe- 
cially in the Pennsylvania oil regions) from 
a few feet on the hills to several htmdred feet 
in the valleys. For the purpose of restraining 
this material, which would otherwise impede 
the work of drilling, a conductor box, built of 
plank, circular, square, or octagonal in shape, 
and 8 in. to 20 in. across, is sunk to the bed- 
rock. In cases where the rock lies only a few 
feet below the surface, the necessary excavat- 
ing is done by hand; but if the soil is deep, a 
large drilling bit is used to spud down a hole, 
into which the conductor box or a section of 
large iron pipe may be sunk as rapidly as dril- 
ling proceeds. 

Drive-pipe or Conductor. — In starting a 
well it is customary to extend a "conductor" 
or "drive-pipe" from the surface to as great 
a depth as can be driven by ordinary driv- 
ing methods, through the superficial forma- "*"'*' 
tions to the soUd rock. At one time use was made of a wooden 



Viu. 132.— Hy- 
draulic circulating 
Hyatem, used in con- 
Dcctiou with cable 
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conductor coastructed of planks, but at present the metal drive- 
pipe is employed almost exclusively. The ordinary sizes of the 
drive-pipe are 10, 8, 6, and 4H in. in diameter; the length varies 
greatly, being in some places as much as 100 or 200 ft., while in 
other localities the solid rock comes to the surface and conse- 
quently no pipe line is required." 

Casing. — The casing of an oil well is not, properly speaking, 
equipment used in its construction, but forms a part of the mate- 
rial which is used up in sinking the well; in other words, the rig 
machinery, rig and drilling tools may be used again in sinking 
some other well after the completion of the first, while the casing 
becomes a part of the well and is never used again, unless the well 
is a failure, in which instance it may be pulled out and used in 
another well. While the principal object of the casing is to ex- 
clude water which is encountered in the upper strata penetrated, 
it is also of service in preventing the caving of soft formations. 
In most deep wells, casing of several different diameters is used: 
larger sizes are put in the upper part of the well and smaller sizes 
are used successively with depth. 

The methods of casing vary somewhat according to the dif- 
ferent methods of drilling; but the general principles are substan- 
tially identical, namely, that when a strong flow of water or dry 
caving formation is encountered, a casing should be inserted to 
line the well just as soon thereafter as a hard stratum can be 
reached in which the casing can be set. When once a casing has 
been set in a formation firmly to shut off the everlying water, it 
is then possible to drill deeper with a bit of smaller diameter until 
a deeper water vein is encountered, when a second string of cas- 
ing IS required, which will necessarily be of smaller diameter than 
the first. 

Since the nature of the formations penetrated by the well varies, 
not only in tlifferent fields, but in distinct areas in any one terri- 
tory, it is, moreover, out of the question that uniform methods of 
casing wells should prevaii. To illustrate, the strata overlying 
the oil beds in some of the Russian fields are so incoherent that 
only comparatively shallow depths can be attained before the 
casing is frozen; it is therefore customarj- to start a well of lar^ 
diameter, a 40-in, hole not being uncommon. The opposite 
conditions are encountered in certain oil fields in the eastern 

' "Petroleum and Natural Gaa Eosourccs of Canada," by F. G. Cuipp 
ftnd othera, Repl. No. 291 (1914, 1), Canada Depi. of Minss, Mxnet Branch. 
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United States, where it is possible to drill 2,000 ft. Or more without 
the necessity of lining the well, except to exclude the water before 
tapping the oil-bearing beds. Somewhat similar conditions 
obtain in parts of the Mexican oil fields where the wells pass 
through about 2,000 ft, of practically impervious shales. The 
conditions which prevail in California and in some of the Gulf 
Const fields may be said to represent an average between those 
existing in Russia and the eastern United States, it being neces- 
sary to line the hole as drilling progresses, but with less difficulty 
than in Russia; iu this way it is common practice to carry a 10- 
in. hole for over 2,000 ft. ■ 

In drilling for oil it is the aim of the operator to tap the petro- 
liferous beds with a well not smaller than 4 in. in diameter; 
but it may be said in general that wells finished with 6 or 8-iii. 
casing are operated more satisfactorily than with the 4-in. 

Oil-well casing is manufactured in two general ways: (1) from 
plates 2 or 3 ft, in length, lap-riveted to diameters from 12 to 20 
in.; and (2) in lap-welded sections 20 to 40 ft. in length and from 
4 to 16 in. in diameter. The latter represents the average 
American practice. The Russian wells are lined with casings 
of considerably greater diameter.^ 

Riveted Casing. — Riveted or stovepipe casing is manufactured 
from No. 8 to No. 12 steel plates in 2- to 3-ft. lengt.hs, from 12 to 
20 in. in diameter. In order to construct a string of these short 
tubes, two separate columns are necessary, one fitting tightly 
inside the other, so that the joints between the tubes of one 
column come in the middle of the tubes forming the other; these 
columns are riveted together in lengths from 10 to 20 ft. before 
insertion in the hole.' 

"Stovepipe" is used for lining the first few hundred feet of 
hole for the purpose of withholding the loose surface material.' 

Screw Casing.^After the stovepipe has been landed, the wells 
are lined with wrought iron or steel, lap-welded casing. This is 

' Arnold and Gahfias, Report No, 881, Canada Dept. of Mines, Mines 
Branch, 1 (1914), 229. 

' In order to obtain a better bond between the pipes they are indented by 
hainmeiing with a pointed aledge. 

* This casing, owing to its smooth outer surface, penetrates more readily 
the gravel and coarse sediments generally encountered near the surface, 
end its freedom from screw joints malces it adaptable to heavy driving; the 
absence of screw joints, however, precludes the easy removal of a complete 
string of stovepipe, and it is usually left in the well or only partially taken 
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made in 20- to 40-ft. len^hs, 234 to 16 in. in diameter, threaded 
at both ends and coupled by a threaded collar.* The collars at 
both ends are provided with smooth recesses which fit tightly 
around the casing, thus affording greater rigidity to the string.* 
When one considers that the most frequent casing trouble in 
incoherent formations results from weakness of the joints, the 
importanceof a rigid and strong bond between casing and collar 
becomes obvious. 

Occasionally it becomes necessary to employ screw casing that 
will stand heavy driving, when the couplings are made so as 
to allow abutment of the joints. "Kie use of this drive pipe is 
only resorted to when it is thought that its withdrawal is not 
important. 

Every string of casing is usually provided with a shoe at its 
lower end to facilitate its insertion and to prevent damage. This 
shoe is riveted to the stovepipe and screwed to the lap-welded 
casing; the toothed shoe is claimed to be a great improvement over 
the plain type. 

Pulling Casing. — After the casing has been in a well for a time 
the formation settles around it, sometimes causing its removal to 
be attended with difficulty. If it cannot be pulled out in the 
ordinary way with blocks ^nd lines, hydraulic jacks are used; 
and if the bottom of the casing will not yield to the pressure of 
the jacks, it is generally parted, the upper portion being pulled 
out. If a collar is left on the casing in the hole, a steel die is 
attached to the collar and the casing is then pulled out; it is 
lowered again and the die is firmly screwed into the casing 
below.* 

Squibbing the casing with nitroglycerin* is a quicker and less ex- 

I The California standard thread for screw casing is tea to the inch and 
from 3 to 3K in. in length. 

' During tlie last two years the manufacturers have put on the market 
easings provided with extra long collars with a deep recess at each end. 

* If the collar is pulled off the casing left in the hole, a steel collar with 
cutting dies is sent doH-n and is firmly screwed on to the casing. A camng 
cutter is then sent down on a string of tubing and the casing is cut ofiF where 
it is thought the obstruction is holding it. If the first cut does not leleaaa 
it, it can be cut again and again, each time higher up, until it is released. 

* This may be accomplished by filling a small tin tube with nitroglycerin 
and attaching this tube to a wire line with a firing head attachment; on 
the bottom of the tube a piece of stiff -V-shaped wire is attached, the points 
coming up on either side of the tube and extending to the oasii^. The 
points drag along the casing while the squib is being lowered. When the 
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pensive way to loosen it when tbere is no water in the casing to 
damage it by the explosion. 

The size of the hole is always governed by the contemplated 
depth of the well and by the anticipated difficulties to be encount- 
ered. In wells drilled in undeveloped territory sometiraea an 
18-in. hole is started and this is drilled below the surface sands, 
which may contain water. Casing 16 in. in inside diameter is 
then placed in the hole and all water found to this level is shut off. 
The hole is continued 16 in. in diameter to other water sands and 
casing of 12j.$ in. inside diameter is inserted. It is again con- 
tinued 12j^ in. in diameter to another objective point, when cas- 
ing 10 in. in inside diameter, 45 lb. to the foot, is inserted; the 
10-in, hole is then continued tlu-ough the deeper water sands or 
cavey formation, when casing 8J^ in. in inside diameter, weighing 
24 lb, to the foot, is inserted; the hole 8j^ in. in diameter is then 
continued, usually to the top of the oil producing sand, when cas- 
ing 6^8 in, in inside diameter, 17 lb. per foot, is put in, which shuts 
off all cave and water found above the oil-bearing sand. If, 
however, other difficulties arise and it is found necessary to use 
additional casing, casing 5^b in. in inside diameter, weighing 13 
lb. to the foot, is put in. 

According to present practice, in theevent that any of the strings . 
of casing placed in the hole have not reached a sufficient depth to 
exclude water or caving as anticipated, the casing is pulled up 8 
to 10 ft. from the seat upon wliich it rests, and is suspended from 
clamps which securely hold it at the mouth of the hole; then 
an underreamer is inserted, and, when it passes out of the 
lower end of the casing in the hole, it expands sufficiently to 
meet the wall of the larger hole, and the shoulder or former seat 
of the casing is reamed so that the larger hole is carried to the 
point where it is desired the casing should be reseated, in order to 
shut off water or cave wliich may have been encountered. The 
casing is then lowered on the shoulder or seat made by the 
underreamer. 

In proven territory, where conditions are well-known, and after 
a well has been fully completed and put in producing order, all of 

objective point ia reftched, the squib is pulled slowly until the points of the 
wire come to a. collar, when they uaueJIy cutch the bottom of the Upper 
joint of casing and bold the Bqiilb; a piece of small pipe through which the 
wire has passed in lowering the squib ia released, and it drops upon the 
firing head. The explosion which follows separates the casing. 
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the larger sizes of casing may be pulled out of the hole, leaving 
the inside string to shut off all water and cave from the oil- 
producing sand. The casing so removed may be used in other 
wells and thus greatly reduce the cost of operation. 

Packing.— The importance of proper casing cannot be over- 
estimated. A precaution with artesian wells is to make Bure that 
no water escapes between the outside of the casing and the sur- 
rounding rock. It is customary to prevent such an escape by 
surrounding the casing just above the water-bearing stratum 
with a seed-bag, i.e., a bag made of leather or rawhide and filled 
with dry flaxseed, which absorbs the water and, by swelling, ex- 
pands the bag so as to shut off all escape of water outside thcpipe. 
Another method of excluding water is by means of rubber discs. 

In order to prevent the entrance of water into an oil well, the 
casing ia set as tightly as possible on some tight rock below the 
point at which the water would enter. A small amount of water 
may enter at this point without doing serious damage, provided 
the pressure of the oil is strong and flushes invading water to the 
surface. Frequently, however, the amount of water which woul<J 
thus enter is so great as to require a special operation known as 
packing. The water from casing wells should always be packed 
in as completely as possible, otherwise it will accumulate in the 
well and frequently, by hydrostatic pressure, atop the flow.' 

Patent Packers,— A packer in general use is made of two metal 
cylinders with rubber between', 1 or 2 in. thick and varying in 
length. Such a packer is lowered into the well hy lengths of 
pipes to the position it is to occupy, when a weight is dropped into 
it which relieves a string, causing the two cylinders to approach 
and bulge the rubber out into the space to be filled. If water is 
to be excluded from the bottom of the hole, the packer consists 
of a rubber plug with a tapering hole; the top mandrel of wood or 
iron is driven into the block, and expands the rubber to fit 
wall of the well and shut off the water below. It has been stal 
that the wells at Bow Island are packed with a lead packer to keepr] 
out water from below; two of these wells penetrated strata 
containing salt water and had to be packed. 

■ In the early days of oil exploration, a bug of flaxseed was sometimes 
serted at the point whore the caaing was to be aet; the seed swelled rapidly, 
oloaing the cracks between the end of the pipe and the rocfi. In other 
cases the bag of flaxseed has been placed around the easing where it was 
desired to fill the crack between the casing and the wall of the well. Cf, 
section on cementing, p. 336. 
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Screening. — Where wells are sunk in fine sand, a screen must 
ije used which will permit water or oil, but not sand, to enter. 

In the Texas oil fields the screens or strainers are generally 
ordinary pipe, with perforations usually 2 to 6 in. apart; the pipe 
is then wTspped around with iron wire. If the sand is fine, the 
wire is wrapped close; if it is coarse, space is left between suc- 
cessive windings. Sometimes the casing is perforated with slotted 
holes after being set. 

Patented strainers are also in use. Some makes, like the Layne 
strainer, differ from the shop-made ones in the shape of the wire 
used; the wire has a triangular section and presents a narrow 
surface to the sand, thus reducing the clogging of the screen, 
and ensuring greater production and a longer life to the well. 

Capping. — This operation consists in placing a gate on the 
tubing or casing and shutting in the well. 

If, in driUing a gas well, a volume greater than 35,000,000 cu. 
ft. daily capacity is anticipated, and the conditions of the well 
are favorable for casing to be used in place of tubing, a gate is 
screwed on the casing and the size of the drill or bit is reduced just 
before drilling into the gas vein. If reducing the size of the bit 
is objectionable, a swedge nipple and a gate one size larger than 
the casing are used. 

The Control Casing Head. — A new device intended to safe- 
guard the drilUng of wells has been introduced by A. G. Heggem 
and is now in use in the principal oil fields of this country. This 
is known as the control casing head and is, in fact, a practical 
oil-field valve so designed as to include all of the functions of a 
casing head.' 

The body portion is approximately the size and shape of a T 
casing head, although much heavier in construction, as the con- 
trol casing head is built to withstand a working load of 1,800 lb. 
per square inch. A rolind valve within the body may be turned 
to close either top or bottom opening or to leave both open, thus 
deflecting the flow into the flow line or shutting in the well en- 
tirely or forming a free passage for the drilling tools the full size 
of the casing. The peculiar features of design are that the pres- 
sures are nearly counterbalanced and the valve turns easily in 
service. The valve may be closed tightly, even though a rope 
or cable passes through the casing head, and thus the well may 

'On tho contrul casing head, see Heouem, Bull. Am. Inst. Min. Eng., 
1916, No. 109, 151, 
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be brought under InstAut control and all oil or gas saved without 
withdrawing the tools or injury to the drilling line. 

It is claimed that with casing properly seated and anchored and 
with a control casing head oo the inner string, all drilling opera- 
tions are under control, and losses of life and property through 
fires and "blowouts" are thus nyniniized. 

COST OF DRILUKG 

There are few enpneering operations in which the daily rate 
of progress is as variable as that of sinking a welL The ma- 
terial which the drill has to penetrate often consists of very 
dissimilar strata, changing in character with every 2 or 3 ft. 
drilled, and the angle at which the strata dip is also an im- 
portant factor. Then, too, the breakage of tools, which can- 
not be foreseen, may involve the loss of many days. It is conse- 
quently difficult, even where the geological conditions are known, 
to say what may be r^arded as a fair daily rate of drilling.^ 

When, however, several wells have been sunk on a certain 
property, and oil has been obtained at about the same depth, it 
is possible, if accidents are excluded, to predict with a fair degree 
of accuracy the time occupied in sinking a well. In a large num- ■ 
ber of cases, wells have been put down with great regularity, 
and the producer has been thus enabled to calculate closely the 
cost of each well; but in operating in another district, he has, as 
a rule, found the data obtained from his previous experience of 
httle guidance. It must not therefore be assumed that because 
a certain number of wells have been drilled in one district, in a 
given time, and at a stated cost, or at an average cost of so much 
per foot, similar results can be achieved in a new field where the 
conditions may be very different. 

Table XXXVII shows in some cases the usual totiJ cost 
of drilling in established fields and in others the price per foot. 

As a rule, in the Ontario field the thrift of the oil industry is 
said to be much more advanced than it is in some of the fields of 
the United States. While wells in certain of the large fields of 
the United States have been abandoned, sometimes in cases where 

■ For a consideration of the factors in t)ie coat of oil production, see Jbw- 
Bi.L, Min. Sci. Press, 103 (1911), 44. On the comparative coats of rotary 
anU standard drillbg, sec Reqoa, Bull. Am. Inst. Min. Eng.. 1816, No. W, 
217. 
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Table XXX TI I. — C!o8T of Drilunq Wbllb 



Locality 


Standard method 


Canadian method 


United States 


$0.65 per toot 
0.85 per foot 
0.75 per foot 
2.80 per foot 
4.00 per foot 
$12,000.00 








Northern MisBiagippi Valley. . . 




Texas: Beaumont field 

Caddo, U 

Caoada 
Brant County: 




Onondaga fields 




Ontario: 

Petrolia 


.160.00 


Bothwell 






Haldiraand County: 

Carlow 


700.00 
1.36 per foot 
2,900,00 




Simcoe: 




Northern Alberta: 




Central Alberta: 


9.60 per foot 
7.50 per foot 
9.00 per foot 
10.00 per foot 




No 3 Tofield 












Southern Alberta: 


7.25 per foot for IWn. 
hole. 6.50 per foot 
for 6-in. hole. 
40,000.00 

















' The cost of drilling wells in California differs greatly in various fields and 
even in different parts of a single field. The following table illustrates the 
variatioa and emphasizes the fact that general statements arb useless. 
Approximate Drilliko Costs per Foot for Different Depths Aia> 

Fields 





1.000(1. 


2,000 ft. 


3,000 ft. 




UborlMalcrid TotoJ 




Labor. Malcrul 


Totid 


CoaliBW 

Karn River 

Midway. Sunwt 


tt.02 


(s.ea 
e.40 


«11.70 
7.68 


(2.34 


».15 


(11.46 


•1.90 

2.48 
1.89 

2.23 


10-18 

3,73 
7.M 


III. OB 












Ventur. 


l.M 


2.87 


*■" 


0.78 


S.08 


3.M 
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they produced as high as 10 or 20 bbl. per day,' wells in the old 
Ontario fields, on the other hand, are seldom abandoned until 
the production falls to a few gallons. 

In Ontario, in the early days, it naturally took a long time to 
put down a well, as the methods were crude as compared with 
those now in use. In 1868, it sometimes required six months to 
drill a well. In 1890, however, a hole could be drilled in four or 
five days at a cost of $160 per weU, the owner of the well furnish- 
ing the casing. After the well had been completed, the pump 
was inserted by the driller and the well was then tested for a day. 
In the Petrolia fields a drilling gang consists of six men, three 
working in the day shift and three in the night shift. Pole tools 
are used, consisting of a bit and an iron bar about 3M in- in 
diameter, connected with the walking beam above by poles.* 

Owing to the decline in production and the abandonment of 
most of the oil wells in Ontario, it has been necessary for the men 
employed in the contracting and drilling business to seek em- 
ployment elsewhere. The Canadian drillers are quite expert and 
have been in demand; they have now moved to all parts of the 
world, including Germany, Austria, India, Burma, Mexico, 
Australia, and some have even gone to Pennsylvania. 

THE TORPEDOING OF OIL WELI,S 
When drilling has been completed or when the production is 
found to decrease, a general practice is to "torpedo" the weU 
' CE. the conditiona in the historic Appalacliian oil field, where moat of the 
pooU have long since passed their prime, although none baa been entirely 
abaDdoned and wella are still being pumped in the immediate vicinity of the 
original Drake well at Titusville, Fa. In New York and Pennsylvania, 
production is kept alive mainly by cleaning and deepening old wells and by 
obtaining petroleum from shallow sands which were passed by as too small 
when oil wells were first drilled. 

' The eoBt of sinking an ordinary well in the Petrolia fields in the early 
days of developnient was about $1,500. The cost in 1800 had dropped to 
S150 or SISO, which is as cheap as wells can be drilled in almost any oil 
field in the world, with the ejtception of Oil Springs, where the depth is 
100 ft. less. In the Petrolia field the plan was to driU one to ten oil wells 
to an acre, and it was supposed by the oil men that it less than four wells 
to the acre were drilled, the territory had not been thoroughly tested. 
Wells in the Petrolia field were kept in good condition by occasionally 
cleaning them, which custom has been followed in recent years. See Report 
No. 291, Canada Dept. of Mines, Mines Branch. 1 (1914), 225. This useful 
report has supplied much of the information given above. On the develop- 
ment uf the Ontario oil fields, see idem, 2 (1915), 105-9. 
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to increase the flow.' This procedure was patented in 1862 
iiy Roberts, who entertained a belief which was held by manjt 
at that time, namely, that the oil was contained in crevices in 
the rock, which might not have been tapped by the bore hole; 
aeuordingly he suggested the uae of nitroglycerin, gim-powder, 
or other explosives, to break up the rock at the bottom of the 
well, SI) that these rich "pockets" might he brought into com- 
munication with the well. 




Flo. 133.— Col. E. A. L. Roberta. 

For several years Roberts was unable to apply his invention, 
since oil producers feared injury to their wells; in 1865, however, 
he waa given permission to experiment upon the Ladies' well near 
TituBville, Pa., and obtained a favorable result. In December, 
1866, he exploded a torpedo in a "dry hole" (the Woodlin well) 
on the Blood farm, and obtained a production of 20 bbl. daily, 
which was increased to 80 bbl. by the explosion of a second tor- 
pedo. The most striking result, however, was in the case of the 

> On torpedomg oil wella. see Z&lomboei, Naphta, 13 (1905), 70. 
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Armstrong No. 1 well, at Thorn Creek, Butler County, Pa., 
.which, in 1884, after having been considered a "dry hole," was 
converted, by a heavy torpedo explosion, into a rich producer. 

Kegardlesa of the danger incident to its handling, nitroglycerin 
18 now freely used to stimulate the production of declining wella 
and is invariably employed in torpedoing new wells when com- 
pleted where the sand is found to be of a close texture. The 




Flo. 134.— The Roberts torpedo, befori; 






amount of explosive used has been increased from the original 
4 to 6 qt. to 60, 80, 100, and even over 200 qt. It has b«en a 
general practice to place the nitroglycerin in tin canisters of 
about 3H to 5 in, in diameter, and up to about 10 ft. in length; 
these canisters have conical bottoms, and fit one in the other. 
They are separately filled with nitroglycerin, and are then low- 
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ered to the bottom of the well, one after the other, by a cord 
wound upon a reel, until the required number has been inserted. 

Formerly the upper end of the highest canister was fitted with 
a "firing-head," consisting of a circular plate of iron, slightly 
smaller than the bore of the well, and having attached to its 
underside a vertical rod or pin carrying a percussion cap. The 
cap rested on the bottom of a small iron cylinder containing 
nitroglycerin. To explode the charge, a cone-shaped cast iron, 
known as a "go-devil," was dropped from the top of the hole 
into the well, and, striking the disc, exploded the cap and fired 
the torpedo. Many premature explosions caused a change in 
this method of exploding torpedoes. The nitroglycerin "jack- 
squib" is now being generally used. This squib consists of a 
tin tube, about ^^ in. in diameter and 2 ft. inr length. A 3-min. 
fuse, with a fulminate cap attached to the lower end, is wound 
around the tube to the top and extends several inches above the 
tube. The tube and fuse are placed inside of a larger tin tube, 
about 2 in. in diameter and slightly longer than the inner tube. 
Dry sand tamping fills the apace between the two tubes. The 
top of the larger or outside tube is turned in and pressed down on 
top of the sand, keeping it in place. When everything is in 
readiness to explode the torpedo, the inner tube is filled with 
nitroglycerin and corked; the fuse is then lighted and the jack 
is dropped into the hole. The explosion usually follows. It is 
desirable to have fluid tamping on top of the torpedo. Where 
this cannot be done, on account .of the proximity of the casing 
to the top of the sand, it is claimed that large torpedoes cannot 
be used with success. 

It has been found in practice that locating the nitroglycerin 
in the pay sand is of the greatest importance. If the torpedo is 
allowed to extend above the pay sand, the barren formation 
shattered by the explosion will subside and cover the pay sand, 
greatly interfering with the operation and production of the well, 

The keen competition among certain producers has been a fre- 
quent cause of the use of large torpedoes, with the hope of shat- 
tering the pay sand to such an extent as to let the oil come more 
freely to the hole from a large surrounding area. Where large 
torpedoes are used in wells with a limited pay sand, the barren 
formation may become shattered to such an extent as to render 
the wells valueless. 

However, the experienced and conservative producer will not 



334 THB AMERICAN PETROLEUM INDUSTRY 

risk the ruination of hia property in this way. If he has a well 
with 10 ft. of pay sand, which he desirea to torpedo, he will place 
20 qt. or 66^ lb. of nitri^Iycerin in a shell 5^ in. in diameter 
and 4 ft. 4 in. in length. An anchor, consisting of a tin tube of 
sufficient strength to support the weight of the torpedo, and df 
sufficient length to elevate the top of the torpedo to within 3)^ 
or 4 ft. of the top of the pay sand, is attached to the bottom of 
the. shell. The shell is attached to a line with a hook which 
releases its hold of the shell when it reaches the bottom of 
the hole, and, after the torpedo is placed In this way, the 
operator, to guard against any possible error in calculation, or in 
danger of some obstruction preventing the torpedo from going 
to the objective point, will take a steel line measurement to de- 
termine the exact location of the torpedo before it is exploded.' 
Should the torpedo be found misplaced, it is fished out of the 
hole; the obstruction is removed, or the anchor is shortened or 
lengthened, as the ca«e may require, to bring the shell to the de- 
aired place in the pay sand. 

When the explosion occurs, the fluid and much shattered sand 
are usually expelled from the hole. Should the shattered sand 
settle into the hole made by the explosion, it is removed by the 
use of tools made for thia special purpose. When the hole is 
thoroughly cleaned, it is usually sufficiently lar^ to admit several 
torpedoes of the size of the first one used, being placed in the 
same space in the pay sand. 

When the shell of a subsequent torpedo is released from the 
Une which carries it to the bottom of the hole, there being no wall 
to support it, it falls over in the hole; additional shells can be 
placed in the cavity, or shot hole, and in tiiis way the size of the 
torpedo may be greatly increased and at the same time kept in the 
pay sand. 

Shells used in subsequent torpedoes, or where the wall of the hole 
will not keep them in a perpendicular position, are so constructed 
that the opening in the top of the shell through which it is filled, 
can be corked to prevent the nitroglycerin from escaping from the 
shell. 

The Electric Torpedo. — When it is found necessary to case a 
well near to the top of the pay sand, it cannot be given a lai^ 
torpedo safely in the pay sand without great danger of damaging 

' Rejxirl No. 261 (vol. 1), Canada Depl. of Mines, Min^a Branch, 1914. 
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the casing. In cases of this kind the well is given an electric 
torpedo, as follows; 

The torpedo is placed in the proper location in the hole; a 
squib containing 2 or 3 qt. of nitroglycerin, attached to an insu- 
lated wire, is then lowered to the top of the torpedo. The casing 
is pulled out of the hole over the wire, and the squib is exploded 
by a battery and it in turn explodes the torpedo. The casing is 
again put into the well, the hole is cleaned out and the well is put 
in producing order. 

This method of shooting is only resorted to in newly developed 
t-erritory where there is good rock pressure. In old territory 
where the rock pressure is low and where much oil has been taken 
out of the sand, when the casing Ls removed, the water and cavings 
which have been shut off by the casing flood the sand. When the 
torpedo is exploded, the column of water offers mope resistance than 
the rock pressure of the sand, with the result that the mud and 
water are blown into the pay sand, and the well greatly damaged 
and in many eases totally ruined.' 

Occasionally wells yielding large quantities of petroleum can 
be improved by torpedoing. This is a dangerous proceeding, 
which is usually accomplished in the following manner. If 
the well is flowing by heads, careful gauges of its production are 
taken, the time between flows and the quantity of oil produced 
at each flow being noted. When the majcimum flow is ascer- 
tained in this way, it is known almost to a certainty how much 
time will elapse before the well will flow again. The torpedo is 
prepared and the well is watched closely; when it flows, the gauge 
i3 taken, and if it has produced the maximum flow, there will 
then be suSicient time to lower the torpedo safely before the well 
will flow again. If the well did not make its maximum flow, it 
will come in again in less than the usual time; and if the well 
should flow while the torpedo is being lowered, it will be thrown 
out of the hole with disastrous results. 

When a torpedo is safely landed in the pay sand, it will not 
be thrown out by the flow. The torpedo shooter usually waits 
for the well to flow, and, while the hole is empty or the oil which 
has been left in the hole is held in suspension by the gas, the tor- 
pedo 18 safely exploded without damage to the casing. 

If a well flows continuously and the production is large, "well 
enough should be let alone." Such wells should not be torpedoed. 

1 fiepnri No. 891, Cmnda Drpl. of Minrs, Mines Branch, 220. 
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If, however, the wella are gasey, and do not produce much oil, 
and the owner desires to torpedo with the hope of increasing the 
production of oil, and in the event the gas pressm^ offers too 
much resistance to permit the torpedo to be lowered into the 
hole, a weight sufficient to overcome the gas pressure ia attached 
to the bottom of the torpedo which carries it to the bottom of the 
hole. 

The Petrolia, Canada, wells were shot with 8 to 10 qt. of nitro- 
glycerin, the charge being much smaller than in the Pennsylvania 
fields, where 80 to 90 qt, are frequently used. 

CEMENTmO WELLS 

The cementing of boreholes for the purpose of withholding or 
shutting off water has been satisfactorily accomplished in many 
oil fields. 

In a valuable discussion of water intrusion and methods of 
prevention, Oatman' states that 'as practised in the principal 
California oil fields, the methods of excluding water may be 
classed as temporary and permanent. Permanent exclusion may 
be obtained by forcing the lower end of a string of casing, called 
the "water string," into an impervious bed above the oil-sand; 
or by placing a water-tight body of cement between the casing 
and the formation. Of these two procedures, the first is unsatis- 
factory and is not considered good practice. 

Temporary. — Kegular or special well packers may be employed 
to prevent temporarily the entrance of water until permanent 
relief can be found. Such packers are useful in wells wherein 
the casing may be punctured above the oil-sands and water finds 
entrance to the productive zone through the casing. Bags of 
flaxseed, peas, or cereals which swell greatly on absorbing water, 
forming a compact mass, were formerly introduced in wells to 
exclude the water temporarily, but the cementing method has 
superseded the use of such palliatives in California, 

As a preliminary step to cementing a welt in which gas ia 
causing severe agitation, Oatman recommends bridging the hole 
by ramming in broken stone, earth, etc. A method used by some 
operators is to place in the hole a generous plug of a composition 
which has the effect of restraining the gas, temporarily at least; 

' Trans. Am. Insl. .Win. Eng., 48 (1014), C27. On the cementing process 
of excluding water from oil (veils as jiractised in California, sec also AitNOUt 
and Garfias, Technical Paper 32, United States Bureau of Minei. 
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for example, the mixture (parts by weight) composed of 5 parts 
of red lead, 2)/^ parts of sand, 2 parta of plaster of Paris, 2 parts 
of rosin, and sufSeient boiled Unseed oil to make a dense paste; 
this mass should be allowed to set in the well about 24 hr. before 
proceeding with cementing. 

Permanent : By the Use of a Drive Shoe. — In sinking a well, a 
eteol drive shoe is attached to the lower end of the casing. This 
shoe is slightly larger in external diameter than the casing and has 
a cutting edge. Prior to the introduction of cementing, it was the 
custom to land the water string in some compact formation I&- 
cated above the oil measures, by forcing the drive shoe into that 
formation; the well was then continued with a smaller drill, the 
ca^ng resting on a shelf. This method has been used in some 
California fields, where certain special conditions obtain, but it 
is not reliable owing to the fact that water generally leaks past 
the drive shoe and passes into the well. It may, however, be 
applied in other fields in which the water string can be landed in 
an unfractured sticky clay shale. 

Permanent; By the Use of Portland Cement — A search for 
some means of effecting the permanent exclusion of water re- 
sulted in the use of Portland cement.' This cement has been 
employed for several years, and, when properly manipulated, 
has been found to give the desired result. 

The methods in general use for cementing-ofF water are the 
tubing, the bailer, and the Perkins. According to Oatman, the 
object of any cementing operation is to obtain a compact collar 
of cement which will firmly adhere to the casing and so fill all 
voids resulting from drilling that no water can descend into the 
oil-sands. The operator aims to land the string of casing in a 
compact bod of shale, which is impervious to water and is capable 
of sustaining the weight of the casing; for example, in the Coalinga 
field, experience has shown that the blue or brown shale 
encountered just above the oil-sands provides a most suitable 
final landing place. 

Tubing Method. — The following cxiimplea illustrate the tubing 
method of cementing. 

On the cemeut-liaing of oil wells, seo Bogcschbvski, Com. Jum., 4 

(1908), 1-30; aiid on cemeating-ofl water rrom oil wells, see Dbl Mar, 

Eng. Min. J., 90 (1010), 250; Hausk, Western Eng., 1 (1912), 534; Stbodd, 

ibid., 2 (191.'}). 203; Paine, tbul., 3 (1913), 445; Pbelpb, Oid., 3 (1913), 

and IlTOEB, ibid., 4 (1914), 341. 
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Method A. — At the point where the water is to be excluded the 
hole is reamed out from 4 to 6 in. larger than the pipe for about 
40 to 80 ft. from the bottom. The water string is raised a foot 
or so from the bottom and water is pumped down inside the 
casing and up to the surface around the exterior thereof. The 
purpose of this operation is to effect free circulation; to wash away 
the mud, oil, etc., from the sides of the casing and the hole, so 
that cement may adhere thereto; and to open the space around 
the casing so that a complete ring of cement may form. This 
water circulation may be continued for a considerable period, 
sometimes as long as 30 hr. or more, to clean the hole thoroughly. 
The casing is then raLsed 2 to 6 ft. from the bottom, and a string 
of tubing (3-in. standard size), with a swedge nipple on the lower 
end, is lowered to within about 2 ft. of the drive shoe. A cast- 
iron disc, or a packer, fitting close to the inside of the casing, is 
also on the bottom of the tubing; this is to prevent the cement 
from rising in it. The well is allowed to stand for a period of 
from 10 to 28 days. 

The time of mixing and placing cement varies with the opera- 
tor. Some companies claim to be able to mix and place all their 
cement in from 30 to 40 min.j other companies state that they 
require an hour or more. The element of time is exceedingly 
important, as the cement must be placed and allowed to settle 
before the period of initial set has been passed. The amount of 
cement used varies from 2 to 10 tons, according to the practice 
of the operator and the requirements of a particular case; but 
4)4 tons may be taken as the average amount required. The 
cement is mixed with enough water to make the mixture of the 
consistency of thick gravy, so that it can be readily pumped. 
Neat cement is most favored, although a sand-cement mixture 
may also be used. If sand is to be employed, 10 to 15 per cent. 
may be added when mixing. For neat cement the amount of 
water added is about 60 per cent, of the weight of the cement. 

Method B. — This is practically the same as Method A, but the 
method of packing the bottom of the casing requires description.' 

The hole is reamed out and prepared as described above. The 
water string is raised a foot or so from the bottom and a string 
of 3-in. tubing is lowered therein. Attached to the bottom of 
the tubing is a Graham packer, which is constructed of cast iron 
with outside leather packing and fits snugly against the inside of 

' Oatman, lae. eit. 
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the cEising; it contains a aelf-closing clack valve, opening down- 
ward, and three forked iron strips project from its lower side. 
The prongs of these forks are compressed and lie in the inside of 
the casing during descent, but spring out when they pass the bot- 
tom of the casing. Then, on pulling up, they hook on to the 
drive shoe of the casing, and the operator knows that he has 
reached the bottom of the hole. A wire fastened to the packer 
keeps the valve open during descent, so that water may enter 
the tubing. When the prongs are pulled up on reaching the 
bottom, this wire is broken and the valve closes. 

When water or cement descends through the tubing, the valve 
can open, but pressure from below will close it. On top of and 
following the cement is a long wooden plug. Water is pumped 
down, as before, on top of this plug. When the plug reaches 
the valve it sticks, and the pump pressure rises so that the opera- 
tor knows that the tube is free of cement. The well is then 
allowed to stand for the proper period. 

There is a left-hand thread between the bottom end of the 
tubing and the packer. The joints of the tubing have a right- 
hand thread. To remove the tubing, the string is turned so as 
to tighten the right-hand joints, which unscrews it at the bottom. 
When drilling is resumed, a few blows from the bit will break 
the brittle cast-iron packer into small pieces. 

Method C. — This is known as the "top-packer" method. The 
hole is prepared as before and assurance is had of circulation. 
The casing ia suspended from 2 to 6 ft. above the bottom and 
3-in. tubing is run in to within 2 ft. of the casing shoe. A packing 
head is then placed over the top joint of the tubing and is screwed 
into the top casing coupling, packing off the space between the 
casing and the tubing. When the casing is filled with water and 
cement is pumped through the tubing, it cannot rise inside the 
casing, but must travel around the shoe and up on the outside. 

Bailer Method. — In this method the hole is underreamed for 
a distance of about 40 ft. from the bottom and circulation is 
assured. The water string is then raised about 10 ft. from the 
bottom. The cement is mixed at the surface as before, and is 
placed in a large bailer arranged with a special trap so that it 
will dump on reaching the bottom. Usually two loads of a 40-ft. 
bailer are deposited in the bottom of the hole. The casing is 
capped and then allowed to drop, forcing the cement up around 
the casing and into the bottom formation. On opening a tap 
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and releasing the pressure, the casing sinks to the bottom. It ia 
then spudded into the bedding formation. 

Some companies bail the cement out from inside the casing 
before it sets; others allow the cement to set and then drill down 
through it when extending the hole. The best practice, accord- 
ing to Oatman, is to bail out the cement i( the casing is well 
spudded into ^the shale. This dispenses with the necessity of 
drilling out the cement from the interior of the casing, an opera- 
tion liable to fracture the cement collar. Instances have- been 
reported where the bailer was tripped while being lowered, but 
these accidents are rare. 

Perkins Me&od. — ^The Perkins method, which is similar to the 
tubing method In results, has been successfully used in the Cali- 
fornia fields. The following description will serve to explain 
the operation- 
After circulation is assured, a cast-iron packer (A) with flexible 
rubber discs at its top and bottom, is floated in the water filling 
the casing. The cement is mixed and is then pumped into the 
casing, forcing the packer down. A leather cup packer {B) is 
placed on top of the cement, and, on continuing the pumping, 
the chai^ of cement is forced to the bottom between the two 
packers. When the lower packer reaches the bottom it stops, 
while the cement is forced past A by the flexion of the rubber 
discs. All the cement can be thus forced into the hole outside 
the casing. When packer B reaches packer A, the pressure rises 
at the pump and the operator knows that the cement has been 
placed. Pumping is then stopped and the water string is set on 
the bottom. The well is allowed to stand for the usual period. 

When drilling is resumed, packers A and B are soon broken by 
blows from the heavy bit and sinking is continued. 

Discussion of Cementing Methods. — The success of all ce- 
menting methods is dependent upon the fact that cement grout 
is heavier than water and consequently displaces the latter. 
There should, according to California experts, be a long collar 
of cement around the casing, no matter which method is used, 
and this cement collar should extend some distance up the 
casing,' The tubing and Perkins methods have one advantage 
in that the large amount of cement used coats the casing for 

' In aome cases the cement runs up tor only 25 ft. to 40 ft. Instances 
have been known whore it has been forced 400ft. or more above theshuttins- 
olT point. 



byGoogle 



OIL WELL TECHNOWOy 

some distance above the bottom of the hole. Ab this coating 
may be through the water eand, the cement is believed to form 
an effective protective coating against the deterioration of the 
casing by ground waters. The corrosion of casing by chemically 
active waters, resulting in the passage of water to the oil-sand, 
is a very dangerous condition in the oil fields. This ia, in fact, 
a very strong point in favor of tubing or similar methods. 

Following the hardening of the cement, the well is bailed dry. 
If there are no leaks at the bottom, or through holes in the casing, 
a dry well should result, and drilling may be resumed. If un- 
successful, the hole should be recemented. It may be mentioned 
here that cases are on record where it has been found necessary 
to recement two to eight times. 

Either the tubing or the Perkins method is said to be applicable 
in the average case. The batler method may be used in normal 
cases, and also when it is necessary to block some hole already 
existing, or in closing a discarded hole. The drive-shoe method 
is applicable in a compact sticky shale unfractured by heavy 
drilling. One of the large California companies claims to have 
wells in which the water was successfully excluded by use of the 
drive-shoe method 10 years ago, and which are still water-tight, 
but such cases are exceptional. 

Because of the rapid corrosion of pipe in many California fields, 
due to the action of water, it is of the highest importance that, 
as far as possible, a thick coating of cement surround the water 
string. Many present-day operators are advocating the following 
operation for permanent protection against water intrusion. 
Sink the I2-in. casing as far as practicable and then cement off 
by the tubing method, forcing the cement as near to the surface 
aa possible. Then land the 10-in, water string in a suitable bed 
above the oil-sands, cementing again by the tubing method and 
forcing the cement well up aroimd the pipe. Run in a string of 
6-in. casing, land it 2 to 4 ft. below the 8-in., and cement the 
space between the 6-in, and 8-in. solid. In this case the bottom 
of the 6-in. is only a few feet below the 8-in. and is in the same 
impervious shale bed. If this method is adopted, the second 
water string is protected by a heavy ring of cement, and, if 
properly done, the well should last* for many years. Oatman 
predicts that this method, or a modification thereof to meet 
special circumstances, will inevitably be adopted in California to 
meet the demand that absolute, permanent exclusion be secured. 
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The operation of cementing oil wella has been fully described 
by I. N. Knapp,' who maintains that alt ground water, oil and 
gas may and should be excluded from a well before cementing. 
Knapp's paper should be consulted for a detailed explanation 
of how to brii^ a well into condition for cementing. 

The California State Mining Bureau has supplied the foUowii^ 
data on actual operations.* 

A convenient eize of mixing box is 10 ft. by 20 ft. by 1 ft., 
allowing several men on each side to mix with hoes as the cement 
and water are added. Ordinarily from 7 to 10 gal. of water per 
100 lb. of cement are used, making a readily Sowing mixture, 
about the consiatency of cream. 

Two pumps of the "Gumbo Buster" type should be connected, 
in case an accident should disable either one. Pressure of 600 
or 700 lb. per square inch is frequently necessary to start circula- 
tion, which is only continued until a free passage is assured and 
not until all mud is removed, which might cause the hole to cave 
and "freeze" the casing. 

Various cements on the market have been shown to be of about 
equal value, providing initial set occurs within 3 or 4 hr. The 
amount used, according to R. D. Bush, is about as follows: 
Depth, 1,000 ft. to 2,000 ft. 

10-in. casmg with 500 ft. to 700 ft. friotion . . 5 to 7 tons 

10-in. casing with 100 ft. friction l>j to 2 tons 

Depth, 2,000 ft. to 3,500 ft. 
8J4-in. casing with 500 ft. to 700 ft. friction. .3 to 5 tona 
8 Ji-in. casiDg with 100 ft. friction 1 to2 tooa 

In two known instances 10-in. casing was ripped out and 5 tons 

of cement were found to have filled the apace for about 180 ft. 

from bottom. Both wells were drilled by cable tools with little 

or no reaming. 

An estimate of coat, aside from the regular drilling crew, is as 

follows : 

Inserting and pulling tubing, 2 extra men, 5 hr S3 . 50 

Hauling cement S.OO 

Hauling box and pump 2.00 

Pump roan and helper {set up) 3 . 75 

Mixing (2men, 6hr.) 5.00 

Cement (10 tona) 200,00 

Total S219.25 

» TraiiB. Am. Inst. Min. Eng.. 48 (1914), 651. 

* Bull. 69, Catifomia State Mining Bureau, 1914, 154. 
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EANDLING OIL 



In pumping wells, or in the case of wells flowing at a moderate 
rate, the oil can be pumped to storage without ajjpreciable loss 
if the proper precautions are taken.' All pipe lines of the gather- 
ing Bystem should be laid in trenches and buried sufficiently 
deep for protection from heat or cold. Each well is generally 
gauged separately for its production, and consequently tanks 
are installed at each well and the oil is measured there before 
being pumped to storage. These tanks may be from 25 to 
100 bbl. in capacity, and one or more are placed at each well, 
depending upon the amount of production. If the well is 
making sand, a box with baffle boards is placed upon a scaffold,* 
so that it discharges into the tank and the lead line from the 
pump runs into it. By the use of tanks and sand boxes, the 
running of oil into earthern sumps can be avoided and a great 
deal of oil may be saved from loss by seepage and evapora- 
tion. Tanks should have close-fitting covera to prevent loss of 
the more volatile constituents.* The use of tail pumps is to be 
recommended where the oil cannot be gravitated from the well; 
but the tail pump can be used only upon wells making a produc- 
tion up to 350 bbl., and a steam pump becomes necessary on a 
larger production. 

For a production of 1,000 bbl. per day, two 2,000-bbl. tanks are 
sufficient for storage; while for a production of from 5,000 to'6,000 
bbl., 5,000 to 10,000-bbl. tanks are generally used. Wheu it be- 
comes necessary to store oil or where a gusher may be expected, 
55,000^bb!. tanks are built; but where the oil is kept moving 
daily in small shipments, they are really unnecessarj'. Shipping 
tanks should be equipped with three or more sampling cocks, 
placed at proper intervals on the side, and the suction line to the 
pump should be 16 Jn. or more from bottom, to prevent the sludge 

■ On oil storage, see BAHiUNaEa, Patrol. Rev., Jan, 22, 1916. 

' The Band con be sliovclud uul uf the bo.i, tu prt'Vi'nt il from entering Ihe 
tank. 

* Certain operatora use a water^overed storage t&ak with the sides 
protected by a wooden cover to prevent evupuration in light oils, while 
otheri) paint the outside of the tanks white to reduce the iutensity of the 
suu'h raya (see p. 716). The targe shipping tanks in any cuse should be well 
protected and the oil discharged from the gathering system into the taak 
through an overhead discharge which should ma within a few feet of the 
bottom. 
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and water from being delivered to the purchaser. A swing-pipe 
is generally used on the inside end of the suction, so that oil can 
be drawn from any level. The volume of the heater coil and all 
dead wood is subtracted from the tank at the time that it is 
measured or "strapped."' 

According to California practice, upon obtaining a full tank of 
oil, the gauger of the purchasing company "thiefs" or samples it 
at three or four levels, the samples being placed in different re- 
ceptacles. The "thief" is a specially constructed bucket which 
can be lowered to a certain point and a sample of oil taken from 
that particular level. Samples are usually obtained at the bot- 
tom of the discharge, at the top of the oil, and two intermediate 
samples at equal distances. These are taken to the test house, 
where, after shaking, 50 c.c. of oil from each are poured into a 
100-c.c. burette and 50 c.c. of gasoline are added. After being 
thoroughly mixed by shaking, the burettes are placed in a 
"centrifuge" capable of making 1,000 to 3,003 revolutions per 
minute and revolved for 20 min. The centrifugal motion throws 
the sediment and water to the outside or bottom point of the 
burette; the readings are taken and multiplied by two, there 
being 50 c.c. of oil to 100 c.c. of fluid. The limit of water and 
sediment is usually 3 per cent, and anything in excess of that 
figure is rejected. The temperature and gravity are taken by 
pouring parts of each of the samples into a hydrometer jar and 
making a reading. In heavy oils, some purchasers use one-third 
each of carbon disulphide (which "cuts" the asphaltene oil) and 
gasoline. 

The use of concrete reservoirs for oil stor^e is said to be not 
always 'satisfactory, since it is difficult to construct a large reser- 
voir through which the oil does not seep to some extent.* It is 
frequently necessary to run water into concrete reservoirs to 
save the oil, the seepage sometimes amounting to hundreds of 
barrels per day. Oil should be shipped as soon as possible after 
being produced, as the evaporation, especially in warm weather, 
is excessive. Oil standing in open earthen reservoirs has been 
known to shrink as much as 40 per cent, in the course of from 
15 to 20 days. Oil, between 33° and 34°B^. gravity, standing 
in tanks and exposed to the open air for 24 hr., has been known 
to lose 4 per cent, of its original volume by evaporation. 

' See p. 705. 

itructioii, sec p. C97. 
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CHAPTER VII 
THE VALUATION OF OIL PROPERTIES 

Bt Ro8Weli< H. Jobnbon.I' 

An oil property may be said to have two values, or to have 
value in two different senses. First, there is the exchange value, 
that amount for which it can be sold; and second, its productive 
value, or the amount of present capital which the income can re- 
pay with that rate of interest neceasaiy to attract capital to 
such ventures, including the consideration- for risk. These two 
values are seldom the same, and the skilful appraiser endeavors 
to ascertain each value, ao that if the exchange value is the 
higher he can recommend the sale of the property; if the lower, 
its purchase. 

In determining a selling price, the appraiser should ascertain 
the productive value as his basis, because he should not sell below 
this. The mere broker is tempted to feel satisfied if he knows 
only exchange values; but if he does not understand productive 
values, he may sell too low and he may not foresee fluctuations 
in exchange value caused solely by a change in productive 
values. 

The productive value of an oil property is, of course, deter- 
mined by the gross profit which may be expected from it. The 
gross profit varies directly with the size of the revenue and 
inversely with the size of the outlay. 

OUTLAY 
The outlay may be classified as follows: 

1. To purchase. 

2. To retain, if undeveloped. 

3. To develop, it undeveloped. 

4. To continue development, if obtaioed partly developed. 

5. To put into a satisfactory condition, if purchase wholly or partly ' 
developed, 

' Professor of Oil and Gas Productioji in the University ot Pittsburgh, and 
member of the firm of Johnson and Huntlet, Consulting Oil Geologiste, 
306 State Hall, Pittsburgh, Pa. 
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6. To maintain. 

(A) Regular maintenance: 
(i) Wagee 

(ii) Supplies. 

(iii) Transportation of supplies. 

(B) Occasionat outlay: 

(i) Pulling and replacing cupa. 
(ii) Cleaning. 
(iii) Miscellaneoua. 

(C) Accidental outlay: 
fi) Wind. 

(ii) Lightning. 
(iii) Fire. 

7. Taxes. 

8. Share of general expenses. 

These factors are treated in turn. 

1. To Purchase. — The purchase consideration may be fixed or 
contingent. If fixed, it is sometimes, although rarely, wholly iu 
cash, but more frequently partly in cash and partly in deferred 
payments, A majority of sales, however, are wholly or partly 
contingent. This is often as bonds or stock — either preferred 
or common, or both. In other cases it is expressed as "payment 
out of the first oil." This is, of course, contingent, since there 
may be no first oil, or an insufficient amount. 

2. To Retain. — A very large proportion of all developed prop- 
erties were not drilled until after such a delay after leasing as to 
demand one or more payments of rental. This may happen 
because the operator takes up a large block of leases and drills 
a test^wcll on one lease. If successful there, he ordinarily 
drills successive wells outward, a location at a time. By the 
time the first well is drilled on some of the outlying leases, there 
frequently has been such a delay that one or more rental pay- 
ments are necessary. 

Many leases are taken scattered throughout a large area, 
thought in general to have possibilities, in the hope that successful 
development near some of these will make them sufficiently 
promising for a well, or to appreciate the value of the lease so 
, that it can be assigned at a profit. While it is not a sound 
method, it has been practised a great deal. The result is to make 
a very heavy load of rental payments. Some of the leases are 
often dropped after a few such payments, if, in the meantime, 
the region has been inactive or has been condemned. 
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A similar type of loasiog is to take up leases surrounding those 
held by a company which is drilling a "wildcat." White this has 
the disadvantage of a higher bonus, it has the advantage of few 
or no rental payments, since, in case of failure, the leases ore 
often promptly dropped. 

Rental paj-ments have the effect of spreading out development, 
as an operator, to stop these payments, will, if the sacrifice ia not 
too great, drill the first well on another adjoining lease rather 
than drill another well on the same lease. He is sometimes led 
to take too long a chance and so drills an unnecessary dry hole, 
although this results more frequently from drilling at the end 
of his term, when further rentals will no longer suffice to hold 
the lease. 

The Indian lease in Oklahoma is peculiar in calling for a higher 
and higher rental with successive years, thus putting pressure 
to bear to drill prematurely — a pernicious practice operating 
against sound conservation. 

3. To Develop, If Undeveloped. — The investment necessary to 
develop a property miiat be estimated by comparison with that 
of the most analogous properties and the fluctuation of the unit 
posts. In a new region, this is difficult until after the first well 
has been drilled, when the principal items — price per foot to 
drill and the amount and mzo of casing and tubing required 
and its transportation — may be reasonably well estimated. 
The dip should be known, especially if the property is in such 
fields as those in California, the Rocky Mountain states, or 
in the Coalgate-Poteau gas district in Oklahoma. Otherwise 
the producer cannot estimate, on account of varj-ing depths, the 
cost of drilling other parts of the property. 

If the country is very rocky, with steep topography, or if 
swampy or subject to fioods, allowance must be made for the 
heavier costs of transportation and delays. The distance from 
the railroads, when more than 10 miles, as in several of the Big 
Horn pools, is of vital importance. It has so far prevented 
the development of the otherwise promising San Juan field in 
Utah and has postponed the development of Grass Creek Basin 
many years. 

The labor costs become unduly high in some foreign countries 
where oil development is not yet estabtiahed and skilled workers 
have to be imported. Indirectly, tropical diseases may greatly 
raise the labor costs, as in Colombia. Another cause of increased 



costs, sometimes not adequHtety allowed for, is remoteness 
from supply centers. Great expense is thereby caused by wait- 
ing for parts or supplies for repairs, or to ovorcome unforeseen 
contingencies, especially in fishing. Where there is no proper 
housing near the property, the expense of such construction for 
the men must be planned for. 

The property may be wholly unsurveyed in a region without 
land comers, when provision must he made for extensive sur- 
veying. There is further the expense of a geological survey, 
frequently, but improperly, omitted, and especially important in 
r^ons of high dip. 

In fact, there are so many expenditures, in addition to the usual 
ones, in foreign pioneering work, that it can seldom be success- 
fully accomplished by any but large companies with ample 
resources. 

4. To Continue Development when This is not Complete. — ^By 
development, the miner means outliniug ore with workings 
which demonstrate the existence of and make possible the re- 
moval of the ore. In oil production the term is used when all 
the wells are completed and made ready for operation. Proper- 
ties are sometimes sold when one well has demonstrated real 
value plus a further speculative value. More frequently the 
sale takes place when the most promising part has been drilled, 
but there is a further part that may be worth drilling with 
probably less favorable results. This poorer result arises partly 
because of natural inferiority and partly because by this time 
the diminished pressure has greatly reduced the extractability 
of the oil and the wells have lost some oil to surrounding wells. 
Some properties are believed to be as fully developed as is 
possible, the undeveloped part being judged unproductive. 
Examination by the prospective purchaser may convince him 
that some of this imdcvclopcd territory is worthy of teat and it- , 
may in part prove to be so. 

A property is sometimes bought while still flowing. It should^ 
not be considered fully developed, and allowance should be n 
for the money necessary to install a "power" and to make t 
change. Even when a property is pumping by separate enginei 
supplied with steam from batteries of boilers, it is so likely t 
a central "power" should be installed or electric pumping i 
stituted in certain contingencies, that the development may t 
considered incomplete and allowance should be made in t 
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same way for this completion of the development. Proper 
planta for supplying water and gas or connection with lines which 
supply them must be provided in development. 

6; To Put into a Satisfactory Condition. — A new management 
is very likely to find a lease unsatisfactorily equipped, even 
though it is already "on the power." For instance, the shackle 
lines may be badly slung by ropes where they cross ravines. 
There is, therefore, very frequently some excess expenditures 
over maintenance during the month or so after the transfer. 
These expenditures ore development expenditures, and should be 
estimated and allowed for in the valuation. 

6, To Maintain. — Maintenance should be divided into regular, 
occasional and accidental. 

The calculation of the regular maintenance may be, in general, 
subdivided into wages, supplies and transportation, the rates 
of which may be ordinarily ascertained with little difficulty. 
It presents, however, a few characteristic features, depending 
upon the system employed. 

To have the wells all completed and all still Sowing on medium 
or large leases is uncommon, except where the sand is shallow. 
In the Delaware (Oklahoma) pool this condition was realized. 
The result is always amazingly low maintenance, because it ia 
80 nearly automatic. Wherever veiy low maintenance per well 
is reported, one may suspect that the property is flowing. Main- 
tenance may be calculated per well-day, acre-day, or per barrel. 
It ia especially by this last method that flowing properties show 
such low maintenance. Brokers have sometimes improperly 
made use of this low maintenance in figuring profits for a lease. 
However, a deal could hardly be consummated before the heavy 
expense of pump equipment would be necessary and main- 
tenance be increased to the normal amount. It is important, 
then, to consider this low maintenance, while the wells are flow- 
ing, merely as a passing phase. The maintenance varies with 
I the method of pumping. 

(A). Individual steam engines and boilers: The maintenance is 

Eliighest with this method of furnishing power, so much so that, 

r except for isolated wells, it is generally later supplanted. A 

relatively great amoimt of labor is required to tend all the 

scattered boilers, even though they burn gas. 

(B). Individualgasenginesorelectricmotors: Wherethe central 
power and shackle lines are infcasible, the lowest maintenance 
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cost is secured by individual gaa engines where gas is cheap 
or by electric motors in certain other contingencies — equip- 
menta which obviate many scattered boilers. 

(C). Central power and shackle lines: The lowest permanent 
m^ntenance of any group of settled pumping wella is ob- 
tained by this means, except under certain limitations, viz.: 
(a) The necessity of retaining an engine at the well because of 
very frequent pulling or cleaning; (6) very great depth of wells; 
(c) great distance between wella; (d) great topographic dif- 
ficulties, and (e) inability to obtain the right to lay the shackle 
lines, as in town lot development or very valuable land. These 
obstacles are more and more being overcome. When the Glenn 
pool was still flowing or on individual engines, some thought it 
was too deep for "powers," yet "powers" are now used for much 
deeper wella and probably will be used for still deeper ones. 
"Powers" not infrequently handle all the wells, where not too 
deep, on a square IGO-acre tract. One power in northern Penn- 
sylvania successfully handles 35 wella. 

The occasional maintenance items are by no means negligible. 
These are least where the wells are cased to the top of the 
sand, or where the wella are in a hard sand which was well cleaned 
at first, with a liberal pocket drilled below the sand. In these 
circumstances only lubricating oil and the inevitable wear of 
cups (which would be relatively less) need be provided for. At 
the other extreme, we have wells that require so much cleaning 
and pulling to replace cups, because of the very soft running 
sand, that their maintenance is a serious item. In fields where 
such difScultica are regularly met, we find strainers of the 
proper mesh in use. These should also be used in a few areas ' 
in the fields which are in general hard sand fields, and more j 
widely used in others where it is thought to be necessary to bail • 
the oil, as in Russia. While the appraiser should oscertainj 
how much cleaning and pulling have been necessary in the paa^l 
on the property in question and also on the neighboring leasee, j 
it must be remembered how much this depends on the thorough- 
ness of the cleaning after the shot, the presence of adequate 
pockets, the proper placing of the shot below the upper part of 
the sand, so as to avoid leaving only a shale roof to the shot hole, 
and the proper placing of the perforations below the working '' 
barrel. Good management in these points, to be amplified 
later, very materially reduces maintenance cost. 
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Recently additional items of maintenance tiave appeared, and 
will continue to appear, as the art of obtaining the utmost amount 
of oil from the sand that is feasible receives the great attention 
it deserves. These methods are all in their infancy, although 
we may well expect that in the future we are to hear of water 
flushing, pressure conservation, electric heating, etc. For the 
immediate present, however, the appraiser would better value 
the property without reference to the higher extraction in these 
ways, because, until there has been more experience, there might 
be extra experimental costs. This leaves these ventures, prom- 
ising as they are, to be considered as separate investments. 
In a few years some of these devices will become so customary 
that they will be figured in the regular maintenance. 

Accidettial Maintenance. — The hazards of the oil field are 
likely to be underestimated. The location of the property is a 
factor in estimating these hazards. The wind hazard, so im- 
portant where the derrick is used and left standing, is greater 
in Kansas, in the northern tier of counties in Oklahoma, and in 
BOiithwestern Illinois, since tornadoes are most frequent there. 
The use of guys is far less of a protection than is supposed. 

The fire hazard is greatest where the hot dry summers in 
untilled regions lead to prairie fires. This condition applies 
especially to the Osage Nation in Oklahoma. In such regions 
fire breaks should be ploughed around derricks and buildings. 
Sometimes early intentional burning may be desirable before 
the grass is too long or dry, but this, in itself, is, of course, 
dangerous and should only be attempted by experienced men. 
Such work, when carried out annually, as a regular practice, 
should be included in regular maintenance. Flood hazards are 
80 local as not to be easily overlooked, but there are so many oil 
properties in river bottoms subject to flood that the situation 
needs to be understood. One otherwise valuable river-eide 
property in the Cimmarron River in the North Gushing pool, 
was abandoned by its operator, so great were his flood expenses. 

The danger from lightning is notoriously high for oil tanks and 
derricks. The common belief that rising gas itself attracts 
lightning is questionable, but the heightof the isolated derrick' wet 
by the rain, and the iron of the tank offering so large a metallic 
surface, are quite enough to make this a hazard worth allowing 
for. Unfortunately, statistics are not available, 

7. Taxes.^The item of taxes upon oil and gas properties 
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shares the large element of variation which is characteristic of 
this industry. This is to be attributed to the fact that do 
settled method has yet reached general acceptance, and that 
oil offers a shining mark to legislators, because its very specula- 
tive character gives a false appearance of very great avert^e 
retuma. Lai^ly for the sake of stability, an ad valorem tax 
on production is desired, as the rate is less likely to fluctuate 
than one levied upon the physical property; and it vanes more 
directly with the value of the property than a tax on equipment, 
which would be disproportionately high on old wells yielding 
very small profits. The proposal to tax prospective value as 
well as production has a certain plausibihty. Yet the speculative 
element is so relatively high in undeveloped lands, and the 
price fluctuates to such a degree owing to the periodic discovery 
of market breaking pools, that it hardly seems feasible. 

There ia, in addition, the federal tax on corporations, "^liis 
should be repealed, since the small corporation with little profits 
carries a burden not intended for it, because it bears a name that 
savors of wealth to the un discriminating. The heavy fees 
levied by the states for incorporating, for ei^aging in business 
in states outside that of incorporation, and for enlarging the 
capitalization, are essentially taxes which add an appreciable 
item to costs in the companies organized specifically for one 
lease or for a few leases. 

8. Share of General Expenses. — We include under tbis cap- 
tion those expenses not specifically chai^eable to either develop- 
ing or operating a property, unless it is the only one owned by the 
individual or company. Most properties are one of several 
leases, some of which are not contiguous, that must share several 
items of expense. These are especially those of the office, such 
as managing, accounting, legal expense, etc. Some of the 
transportation not easily divided among the properties may be 
charged here. This burden will be very high when the leases are 
all small and considerably scattered, as is so common in the 
Cherokee Nation, Oklahoma. The contiguity of leases is a 
very important element, both in maintenance as well as in 
the matter of general expense. One superintendent can perform 
the services of several where the property is compact. The 
large size of the properties in the Osage has been advantageous 
in this respect. This, with the absence of rentals there, has 
served in part to compensate for the heavier burden of royalty. 
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It is not safe to assume that the genera! expenses under a new 
management will be the same as those undei: the old. The 
number of properties that will divide the expenses will probably 
be different. Again, it may be possible to eliminate some 
uuneeessary expense. On other occasions, the property may 
have been operating under a staff inadequate in quantity or 
quaHty, so that increased expenses will be necessary. It is very 
important to figure what the costs will be. What they have 
been is, of course, the principal guide, but by no means the 
only one, in deciding what they will be in the future. 



In dealing with outlay, the uncertainties have not been much 
greater than in other industries, and the methods of deter- 
mining the costs have not been very diiferent from what one 
might &nd in some other industries; but in considering the 
income of oil and gas properties, we are dealing with a unique 
situation that is worthy of extensive analysis. The income 
factors may be classified as follows: 
I. Terms of the holding. 
II. The amount of production and its distribution in time. 

III. Agencies which may interfere with a normal production. 

IV. Possible improvements in methods during the life of the 



I. Terms of the Holding.— In estimating the revenue one first 
ascertains whether the company receives all the product, or the 
product less a given percentage, as in royalty, or less a fixed sum, 
as is still quite common for gas. This has a double importance, 
first, because of the deduction itself, and, second, because the 
length of the working life of the well depends in large part upon 
the size of the deduction.' The higher the royalty, the earlier 
the abandonment is forced, and thus less production is obtained. 
Iloyalty might be considered an expenditure; but since the pur- 
chasing company usually, by means of a division order, transmits 
the lessor's share to him direct, it is better not to count it into 
receipts, and hence not into expenditures, and thus much 
accounting is saved. 

In cases of leases which do not run " as long as the oil and gas 

I a. H. Johnson, -Sliding Royultiea for OH and Gas WeUs," Bvil. Am. 
Inat. Min. Eng., No. !(«. 1291-1294. 
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is found in paying quantities," as in minor leases or Osage leas 
one must ascertain the following three elements, if there is reason 
to believe there will still be paying wells on the lease at the 
time of expiration: first, the gross profit received up to the ex- 
piration of the lease; second, the price to be received for such 
movable property on the lease as may be sold or that may be 
removed to other properties if the lease is not renewed; third, 
if renewal is doubtful, the chance of success in getting the re- 
newal; if renewed, the value of the renewal. This renewal value 
is the productive value after renewal less the consideration 
enforced for the renewal. This consideration will ordinarily be 
less than the productive value, because the wflls are likely to 
be old and the operator who has the lease can ordinarily obtain 
more from them- because of his knowledge of the wells than 
could an outsider. There is also the threat to "pull" some of 
the wells that are near enough abandonment, so that the land 
owner would have difficully in preventing it. 

n. Amount of Production and Its Distribution in Time. — Thi 
estimate in advance of the amount of oil or gas to be produced^ 
is the crux of valuation. The amount of oil to be obtained is 
the result of these sets of factors: (A) Those determining the 
amount of oil or gas underlying the property, (B) the proportion 
of oil and gas in the sands that are exploited, and (C) those 
determining the percentage of this which can be produced. 

The amount of oil or gas underlying the property depends 
upon the following considerations, for each of the sands; there 
are more, if more than one. 

(1) The Capacity per Unit Volume of the Reservoir. — This i 
by no means, the porosity, as frequently stated, for some pore 
are so entirely surrounded by grains or cement that their contentq 
could not escape. Furthermore, a high degree of porosity is 
no avail if the pores are so small that adhesion or "capillary drag*! 
prevents the fluid contents, at the given pressure, from eacap; 
ing at a sufficiently rapid rate to make a paying well, Detei 
minations of mere porosity, then, are relatively valueless. Thi 
determination of value to the oil producer is that of the amound 
of fluid that can be taken out of a given rockets yield, N^ 
satisfactory laboratory method has yet been devised by wliio] 
the yield of a small piece of sandstone can be determined. Th( 
nearest approximations are as follows: 

(a) Its oil content, which is determined by grinding (if com 
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lidated) and extracting by solvents. The difficulties are: (i) 
this includes some oil that cannot leave the pores naturally; 
(ii) the sample is at atmospheric pressure and will give a different 
oil content from that which it had in situ at the actual pressure, 
particularly owing to the formation of gas bjbbles from what 
was dissolved gas when the pressure was relieved; and {iii) in 
case the sand is unconsolidated, its content changes as the 
interrelationship of the grains is disturbed in being removed. 

(b) Its reception capacity, which is best measured by an 
adaptation of Buckley's method of determining specific gravity, 
porosity and absorption of building atones.' The sample of rock 
is rid of any possible oil content by "petroleiira ether" treat- 
ment, this solvent being forced in and out by change of pressure. 
After being thoroughly dried at 110°C. and no higher, so that 
no chemical changes are produced, it is again treated with 
petroleum ether and again dried. After weighing, it is placed 
in a bottle and a standard oil free from gasoline, such as claro- 
line, is introduced at the bottom as the air content is exhausted 
from the rock by a reduction of the pressure in the bottle. The 
samples remain in the bottle at ^2 atmosphere for 36 hr., after 
whicli the pressure is slowly raised to that of the room. The 
amount of oil imbibed can now be determined by weighing at 
a standard temperature, after removing the surplus oil with 
bibulous paper. Cold oil is used instead of hot water, as in 
Buckley's determination, not only because it is more analogous 
to the crude, but also to eliminate evaporation during weighing 
and avoid dissolving any of the sandstone, in which the cement 
especially may consist partly of soluble minerEils. 

Capacity, thus determined, is not the yield, because capillary 
drag and adhesion render the yield much smaller. "Reception 
capacity" and yield would, however, be highly enough correlated 
to make "reception capacity" the most valuable laboratory 
determination. 

Any method based on samples has two great inherent diffi- 
culties; first, to get a representative sample, since a piece blown 
from a well has an uncertain origin and shows nothing as to 
the variation; second, to know what allowance to make for the 
difference between the laboratory conditions and those in the 
reservoir. Laboratory determination from samples is therefore 

' Witconsin Qeol. and Nat. HUt. Survey, Bull. No. 4, Econ. Series No. 2, 
pp. 63-60. 
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unsuitable, except in the very unusual conditions where the next 
method is unavailable. 

(c) The comparative production figures from adjoin ng leases 
are used; or lacking these, available data from leases that seem 
to be the most similar in the most essential features to that of 
the property in question. Eventually, we may hope that a 
great deal of such data will be available to all. For California 
we have the excellent data expressed in a useful way in Mc- 
Laughlin's "Petroleum Industry in California,"* and in Lom- 
bardi's "Valuation of Oil Lands and Properties."* May we not 
look to the Federal Bureau of Mines to publish decline curves 
of individual wells and properties in all important pools in all 
the sands of the country? In the meantime, reliance must be 
had on what data of this sort can be preserved and exchanged 
by individuals. 

The greatest aid in such comparisons is the construction of 
declinecurvesand the calculation of decline rates. Theattentjon 
of the oil producer to these graphic methods, which are very 
clearly presented in Brinton's "Graphic Methods of Presenting 
Facts," would be amply rewarded, not only in this connection 
but in many others in the field of oil and gas production. 

(2) TAe Size of the Oil or Oaa Deposit .Tributary to the TFeU 
Studied. — This depends upon: 

(a) Thickness of the reservoir. 

(b) The part thereof occupied by oil rather than water or 
gas; or, in gas properties, that part occupied by gas rather than 
by fluid. 

(c) The distance of the neighboring wells or of the boundaries 
of the reservoir. 

(3) The Extradabilily of the Oil in the Sa?id.— This may be 
neglected in the case of gas, for, by the use of vacuum pumps, the 
extractability of gas is very high. Moreover, gas ia cxtractable 
from sand of lower porosity than is oil. Since ordinarily the 
contact between adequately yielding sand and inadequately 
yielding shale is a transitional one, it follows that a given reser- 
voir is smaller as an oil than as a gas reservoir. An additional 
amount of gas is given up from solution in oil if there is oil in 
the same reservoir, as the pressure goes down. If there are wells 
in another part of the reservoir, where the upper part contains 

' BuUelin 69, California Stale Mining Bureau, 
' Western Eng., 6, 153. 
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gas and the lower or middle part oil, of course a great deal of 
gaa is lost to the property being valued, but the amount varies 
according as the other operators are provided with separators 
or use their casing-head gas, and at what pressures. 

The extractability of oil depends upon: 

(a) The initial pressure of the reservoir, 

(t) The presence of a considerable amount of gaa in the 
same reservoir, either in solution or free, 

(c) The rapidity with which the oil, and more especially 
the gas, is being exhausted by the completion of other weJIa in 
the same reservoir, 

(d) The dip of the reservoir, 

(c) The viscosity of the oil at the reservoir temperature. 

{/) The encroachment of water. 

ig) The nature of the sand. 

(o) The Initial Pressure. — The general lielicf that deep sanda 
" hold up better" than shallow sands is one result of the important 
r61e played by pressure, since pressure ordinarily increases with 
depth. The natural impression that oil flows into the hole 
merely as a result of gravitation is diflicult to overcome. Yet 
as the passageways in a, series of sands become increasingly 
email, adhesion and capillary drag becomes so great that the oil 
no longer flows into the well at a paying rate when the pressure 
reaches a certain degree. In most of the consolidated sands of 
the Appalachian, Liniarlndiana, Illinois and Mid-Continent 
fields, the pressure factor is quite the predominant one as com- 
pared with gravity. If a piece of oil-filled ordinary sandstone 
is laid upon a plate, it is surprising how little of its oil will run 
out. The production of a well declines step by step with the 
reduction of pressure; and where the sandstone is consolidated 
and not very porous, the well ceases to have a commercial 
production before the pressure has been reduced to that of the 
air in the hole. A high pressure then leads one to expect a 
much larger and longer production.' 

(6) The Presence of Gas. — Since liquids are so slightly com- 
pressible, the expulsion is mainly dependent upon the expansion 
of the gas-filled portion of the reservoir from its own natur^ 
expansion and the yielding up of dissolved gas from the oil as 
the pressure declines. Moreover, this gas is not all contributed 
to the gas-filled portion of the sand, but comes to exist as gaf 
bubble nuclei in the several larger pores. It is by virtue of this 
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that the oil is able to leave the relatively fine-grained reservoirs; 
otherwise it would be impoeeible. In illustration, a cube of 
.sandstone filled with carbonated water yields more water than 
one filled with pure water. 

(c) Relation to Other Wells. — A quick decline of the pressure 
would greatly reduce its effectiveness for expidsion. The close 
proximity of many other wells therefore reduces the value of a 
well, in addition to the effect in reducing the contributing area. 
For this reason, a large lease, or a lease alongside a property 
not drilled because of litigation or other difficulties, is worth 
more per acre than a small one or a lease adjoining property 
being worked. Properties in a region where fine wells are by 
custom drilled farther back are thus more valuable. The 
productive value of very small leases is so much greater if com- 
bined with those of a neighboring lease owner, that an effort 
should always be made to reach an equitable basis for sole, 
purchase or trading, in order that the superfluous wells may be 
eliminated. In spite of the obviousness of this situation, the 
ridiculous sight of town-lo't crowding is seen nearly always when 
production is found where the land ownership is thus parceled, 
although experience has so often demonstrated that such opera- 
tions are losses in an overwhelming percentage of cases. The 
last instance, that of Evans City, Pa., in 1915, was as bad as usual. 
Irregularity of outline makes the protection of a lease so ex- 
pensive that it will pay much better to sacrifice some of it to 
a neighbor's offsetting well.' The author once recommended 
the sale of a nearly cross-shaped lease, owing to this considera- 
tion, and the price received was a good one, since the defect 
failed to impress the un discriminating purchasers. 

(d) Dip of the Reservoir. — Properties high up the dip, where the 
dip ia considerable, say 100 ft. to the mile or more, and where 
the porosity of the sand is high, suiTer in value by reason of the 
loss of their oil to the lower leases, as the oil is withdrawn from 
the latter. By the same reasoning, the value of the lower 
properties is enhanced by the replacement of the oil n-ithdrawn 
by that from above. This principle must not be pushed too 
far, for, io sands of "low porosity," gravitation plays a very 
small r61e. 

' A method for determining more precisely the advisability of offsetting well 
tor well will be found in Johnson and Huntley's "Principlea of Oil and Gaa 
Production." 
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(e) The Viscosity of the Oil. — The higher viscosity of very 
heavy oils reduces their " extractability." But the difference 
is lessened, owing to the fact that for about every 60 ft, in 
depth there is an average rise in temperature of about 1°F. 
(this is quite variable). In high pressure consolidated sands 
Quick' believes there is a refrigeration, caused by the sudden 
reduction of pressure at the sand face, a condition which may 
in some degree counteract this higher temperature. He con- 
tends that such refrigeration in the case of high paraffin oils 
seriously reduces the flow by clogging the sand face. 

(/) The Encroachment of Water. — When a pool has encroaching 
waterj all properties down the dip have their value reduced, be- 
cause of the liability to a shorter life from this cause. Those 
high on the dip have their value enhanced, because new oil is 
brought up as they exhaust the original charge. Unfortunately, 
it is difficult to foresee encroachment, so that allowance for it 
is in general restricted to the period after it has made itself felt 
in the lower part of the pool. 

(j7) The Nature of the Sand, — The texture of the sand is of 
supreme importance. A very fine sand or a shaly sand might 
have the same volume of voids and the same oil content, but 
would necessarily have a very low extractability. If the sand 
texture is very uneven, small volumes of verj' porous sand being 
distributed in a finer matrix, the extractability is reduced, for 
only communicating systems reaching the hole are available, 

A very common error in determining sand texture is to judge 
of it by the grains of sand after these are broken apart. A more 
important feature than the size of the grains is the amount' 
of cement between the grains. The uniformity of the sand 
grains is more important than their size above a certain critical 
diameter. Roundedness, the high percentage of quartz grains, 
and the size of grains, are all more imDortant, not directly but 
because these qualities are correlated in some degree with a lesser 
amount of conient than on their own account. 

in. Agencies which may Interfere with a Honnal Production. — 
The career of many oil properties is a checkered one, quite aside 
from the accidental features mentioned earlier. While it ia 
true that, in general, marketing is quite serene for the producer, 
since his sales are so nearly automatic, nevertheless there are 
certain disturbances. Pipe hnes are broken at times, more 

' Miles W. Qotck. Nat. Petrol. New», 6, 1-t 
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especially by floods, which may shut down production for several 
days. In the winter time, the greater viscosity of many oils 
reduces the runs. On other leases some of this oil is "cut" 
(emulsified), so that it must be treated at some expense or lot 
or in some cases burned; but fortunately this condition usual 
passes as pressure naturally declines. 

Most important, however, are the "gluts" to which 
petroleum industry is especially liable, owing to the suddenness 
with which new promising pools are developed. The pipe- 
line companies ordinarily do not lay a line to a pool at a dis- 
tance from its established tines uotil the pool has demonstrated 
its importance. Not only do the runs from the new pool suffer, 
but also those from many other properties coulributory to thg 
same tines, since the runs are cut down to a given fraction of t 
whole production. This very seriously disturbs the incomes c 
the prcperties. While much of the oil production a simplyi 
postponed for later pumping, some oil becomes " inextractable, " 
owing to the greater pressure loss in proportion to the oil raised. 
Caution i* necessary in accepting Oklahoma and California 
decline curves without correction, lest they include such 
decline curve artificially flattered. 

IV. Possible Improvements in Methods During Life of thvl 
Lease. — In this day of enhanced interest in methods of bigher'1 
extraction/ we may expect from among the numerous saggea-j 
tions of pressure conservation, water-flushing, Marietta plan ( 
utilizing compressed air, electric heating, over-<feepening,* etcJ 
some decided improvements of efficiency within the next fei 

The Price of Oil and Gas during the Life of the Lease,—; 
There is a great range in price for the different qualities of c 
If the lease produces an oil much better than the general fiel<K 
as at Gushing, inquiry should be made as to the possibility c 
shipping by tank car to some refinery competing with the regi 
purchaser of the oil. If the property is large enough, conaidera 
tioa should be given to the erection of a refinery by the operaton 
of the lease to obtain the benefit of the better quality. 

If the oil is ranked lower than the general grade, a b 
procedure is indicated. The Wann, Oklahoma, oil was bou( 
as an inferior grade at a lower price until a company for t 

'See L. G. Hontlet, p. 374, this volume. 

'R. H. Johnson, United States PaU-nt 1083018. 
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' maQufacture of roofing paper and asphalt was eatabUshed and 
built a pipe line to it. 

Few minerals suffer the violent fluctuations in price that crude 
oil does. Oklahoma crude rose from $0.35 to Sl.OS in SJfa years, 
and then dechned to $0.40 in one year because of the Gushing 
pool. Even Pennsylvania oil, far removed as it is, was forced, 
solely by the overproduction at Gushing, during the same year 
down from $2.50 to $1.35. With such fluctuations in income, 
which affect expenditures relatively slightly, the valuations of 
properties necessarily fluctuate violently. The efficient appraiser 
must therefore understand the various elements which affect 
the future course of the price. He should, if for no other reason, 
therefore, be fanoiliar with the geology of the various ftelds, and 
the nature and stage of development of the more important pools. 
A great amount of significant information is readily carried for 
the appraiser's use by keeping graphs from month to month.* 
These graphs should include the number of new wells, the amount 
of new production, the amount of total production, the average 
size of new wells, the percentage of dry holes, and the stocks and 
prices for each of the several great fields. In addition, the 
appraiser will watch for the significant, determining, dry holes or 
poor wells around the large developing pools. Probably the 
greatest fault of the inexperienced is to overestimate the bearish 
effect of every new pool. Witness the Paden and Holdenville 
strikes in Oklahoma in 1915. Consumption is increasing so' 
rapidly that many new pools are required to satisfy the demand 
and only a very small percentage of the new pools are of market- 
breaking size. 

The stage of progress in the methods of the petroleum industry 
is a factor of importance. There is a rapid extension at present 
of geological work in prospecting, so that the rise in price which 
has just now set in with the dechne of the Gushing pool, will 
probably be arrested by the increased efficiency of the drilling 
campaign that is now starting. On the other hand, after a while 
the number of successes will be fewer and fewer as promising areas 
are exploited. The condition will force another scries of ad- 
vances in price. While, in general, the efficiency of the appraiser 

'J. H. G. WoLKP, "Calitomia Petrflleum and the European War," Western 
Brig., 6, 166-lfl8, gives an intoresling exomple. See also "Report of tlio 
> Joint Conitnittec aa Graphic Mcthude," Bull. Am. Inst. Min. Eng., No. 
■ 106, pp. ijc-xii. 
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depends upon his knowledge ctf the conditioos in his own field, 
to foresee price changee he must have the widest and most 
profound knowlet^ of many oil fields. 

THE METHOD OF VALUATIOII 

After the appraiser has shown the varjing elements in the 
income and in the outlay, be still has to calculate the surplus of 
income. But unfortunately, wells being so soon exhausted, he 
has the two compUcations to consider of the realizable value 
from jtmk (as the casing, machinery, etc., is called) and amorti- 
sation. The junk differs very much in its value, depending 
upon whether it must be sold to dealers, or sold at better terms 
to a neighboring lease, or used on another property belonging 
to the same owners, with or without an intervening variable 
expense for transportation, storage and the depreciation in- 
cidental thereto. This gives an advantage to the large company. 

For a good discussion of amortization in an allied industry, the 
reader is referred to Hoover's " Principles of ilining." Hoover 
thus speaks of amortization; "A portion of the annual earn- 
ings must be set aside in such a manner that when the mine is 
exhausted the original investment will have been restored," 
yet he later admits that "in the practical conduct of mines and 
mining companies, sinking funds for amortization are never 
established." The principal differences between the amortiza- 
tion of an oil property and that of a mine are as follows: 

1. The income of the oil property regularly declmes, while that of 
a mine does not necessarily do bo. 

2. Owing to this, a succeseful oil property yields ordinarily in three 
years or so its cost, and thereafter pays a slowly diminishing profit, 

3. The average oil company owns several oil properties, and develope 
and buys new ones as the old ones are exhausted. 

4. The average oil company carries for a period many leases, repre- 
senting a considerable outlay in bonus, rentals, etc., which are dropped 
without drilling. To this, in many cases, is added the cost of a dry 
hole, or a contribution to a joint test that is unsuccessful, before the 
lease is dropped. The successful properties have a heavy burden of 
unsuccessful ones to carry. 

For the four reasons given, many oil companies are inclined to 
accomplish amortization in a different way which seems well 
adapted to the oil business. All the income from each property 
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is devoted to paying the "debt of the property to the company" 
until it ia "on velvet," when that property is for the first 
time considered a profit yielder. This method ia illustrated 
by the following account form of the Sagamore Oil & Gas Com- 
pany, of BartlesviUe, Okla., when under the management of 
W. H, Johnson. This was kept separately for each producing 
lease of the company. The main advantages of this method are 
Jhat the situation is more easily grasped by the manager and 
directors, inefficiently managed properties are more easily de- 
tected, and, most important, the data is in convenient form for 
the valuation of the property, so that the relation of the exchange 
value to productive value is more evident. In this way the de- 
sirability of selling a property or of buying adjoining properties 
IB easily indicated. 

Saoauore Oil &, Gab CoMFAKr 
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A short cut in appraising is very common in the oil fields, viz., 
the barrel-day, an amount for each barrel per day produced by 
a property. This method is very dangerous and can only be 
depended upon for inside properties in large pools where the 
several properties are very similar and of about the same age. 
An appraisement for one property, worked out laboriously, 
might then be utilized for another property by this method. 
One reason why the method is essentially unsound la that the 
decline curve is not a straight line, but one where the rate of 
decline itself gradually declines. Again, the maintenance ia 
assumed by this method to be a constant per barrel, whereas it 
gradually increaaee. The method assumes that the loss in valua- 
tion is just equal to the profits, which is not true. The barrel- 
day method implies that the age of the property is a negligible 
factor. However, if we plot the true valuation for each year by 
barrels per day, it gives us a curve ascending during the early life 
of the well, because the dechne rate is less each successive year. 
After about the fourth year, in some properties in Oklahoma, 
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the iitirT^-4^j value, gnduaHy deetm«d, tKcscne the growing 
nuti&tMu/uM p«r barrcl became so unportanc & uctor. One 
m*;* .4&7 thftt in IxiviniE or aelLcg pp:iperd£s whiere the other 
p»rty ujwa tb« h«nvJ'daj figures, it L* rxst to bov m ocdin&iy 
fAdahfjmA prrjpMtjr in tbe -tiuid to fifth year: and be^ to sell 
when thft property in either joang or <Jd, bat not to sell in that 
Tery late period when the>' are worth more ac jank than aa 
produners on a bairel'daT' bans. This time curve of vaioatiati 
tjy U>e barr^Hiay ouj^t to be worked out, for a tyi^eal property 
at Iea«t, in the field where the appraiser works. 

While one sbfiuld not base his ideaa of ;Kt>ductiTe Tsine oo the 
corrent quotation </ [voductioD in terms of barrel-dav^, he should 
learn all the sales possible in these terms, so he can study ex- 
change values, and thus take advantage of discrepaneies be- 
tween them and productive values. 

There are two common errors as to the time of "settling.' 
It is more variable and is later than generally supposed. The 
settlint;; of a discovery well depends principally upon the time 
taken to drill the adjoining locations. Settling is that stage in 
the history of a well when there is the greatest change in the 
transition of the rapid rate of decline to the slow rate. In wells 
drilled where the data is kept by weeks or months the author 
has found settling in several cases between 12 and 2J months. 
Bincc settling is later than is commonly supposed, a favoraUe 
time to s'jll is at the end of six months, while the well is really 
not yet settled, although it is believed to be so by many pro- 
diiMrrs. <Jn the other hand, whim purchasing properties, where 
quotations arc made on a barrel-day basis, it is much safer to buy 
a w(?U aft<!r it has produced for two years. 

It is v<-ry imp<^rtant to appraise developed and undeveloped 
|>ortioris of a prr)[x;rty separately and then add the appraise- 
UKtntH. All too cimtiionly the undeveloped territory is used as 
u vugiin Ikidus to smooth over uncertainties in the valuation of 
the devfiloixid p<jrtion. The appraisement of undeveloped 
territory rt-stH on (1) what this territory will be worth if it is 
normiilly productivl^ under the given conditions; (2) what are the 
v.hiiiu:vH f-xpnisHcd ill percentage that this property will be 
jirodiietive; and ('!) siii<:e ihero is a considerable risk, what 
itiHiininee for risk uliall be figured in. Factor (1) is similar to 
work upon devdupcd property, while (2) is primarily a pi'oblem 
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|lor tiie geologist, although he will be greatly aided by the graphic 
levice by which the proximity value is calculated.' 

The risk element ia extremely important. A very largo 
company undergoing many riake should consider this element as 
nearly negligible ; whereas the individual operator of small capital 
ought to put it quite high. It would be much better for hira, 
unless he has unusual ability or information, to put his money 
1th others in a large company or into an "Oliver plan" com- 
'Jjany,* i.e.,' a government promoted company to operate on 
iDie favorable structure on the public lands. 
The appraiser must consider the use to which his valuation 
1 be put. If he is to appraise for taxation, the exchange value 
louid be approximated as closely as possible. If it is for the 
lurpose of inventory or as a basis for a merger, its productive 
'alue will he approximated. But when for the purpose of 
mying or selling, he must be concerned with both exchange and 
productive values. He will give greater relative weight to ex- 
change value if he represents a company that deals in properties. 
If one is fixing a price at which to sell, he uses the higher 
of these two values. If one is fixing a price at which to buy, he 
must also ascertain the productive value and exchange value, 
and place the price at the lower of these two values. 

But a better policy is for the appraiser to know at all times 
whether exchange values are running higher or lower \haa 
productive values on the several tyTies of properties, and then 
become a buyer or seller of that type, the exchange value of 
which deviates from the productive value. 

Productive value obviously varies with the degree of efficiency 
Lof the future management of the property. Insofar as this can 
foreseen, it will be used by the appraiser. The productive 
alue is not a fixed attribute of a property, but in the nature of a 
ophecy. It follows then that the buyer for a company that 
in a position to get a greater profit from a properly, would 
properly place a higher valuation upon it. This brings us again 
to a consideration of the relative efficiency of small and large 
producing companies, and of companies engaged solely in pro- 
duction and those that integrate the severalstepe in the industry,* 
' R, H. Johnson, "Petroleum and Katural Gas Resources of Canada," 
325-326. 

•Hearing on H. R. 16,136, Com. on Pvliic Land*, V. 8. Senate, 63d. 
Congreax, 3d Seinon, 
'See p. 433. 
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There remain the obvious differences between the company 
that has a property already adjoining that in question, with one 
having a property in the same pool, and with one having none in 
the region. This difference is so very important that it should 
be the policy not to take anything less than, say, 80 acres under 
ordinary circumstances in the Eastern or Mid-Continent field. 

In Lombardi's method' the cost of drilling the undrilled portion 
of the lease is distributed through the years at a rate so regulated 
as to produce a uniform profit. Jt is so rare that such a pro- 
cedure is possible and desirable that it is best in general to charge 
the costs of drilling directly to investment rather than to expense, 
especially as most companies have several leases, for each of 
which a separate valuation is desirable. 

It is not at all important that the income from each lease 
should be kept uniform. An oil company does well to try to 
keep its income steady merely through the ownership of many 
properties in various stages of development. Each property 
should be managed mainly with reference to its own maximum 
efficiency. Some leases in pools where the pressure is rapidly 
declining should be rushed to completion. In other cases where 
the pool is entirely within the company's lines the development 
should be planned as a careful "feeling out," so as to drill a 
minimum number of dry holes. In this last case, if there is over- 
production, the whole property should be held back, even though 
dividends suffer for the time. 

On the other hand, if we appraise a large company made u) 
of many leases, we may properly make deductions from 
of the values of the properties because of economies 
indicated. 

There are some large companies which; for their highest ef- 
ficiency, demand a regular production, because of a seUing con- 
tract or because aUied with a refinery. This regular production 
is in contrast to the shrinking production of a single lease. 
In valuing such a group or properties we have an atlditional factor 
— the cost of maintaining this production at the given level. 
Lombardi has ably discussed this problem with reference to 
California. 

The matter is quite difficult because it involves the continual 
purchase or "carrying" of undeveloped land with all its, un- 
certainties. So far as the cost of the driUing campaign is coq- 
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' Western Eng., 6, 153. 
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cerned, there are three different approaches which should be 
used as checks against each other, aa follows: 

1. Experience of other companies. If the most analogous 
company keeps three "strings" at work, and they fail to prevent 
a decline in production by an ascertained amount, the number 
that would be necessary for a given production can be calculated. 

2. The total number of wells drilled in the whole pool compared 
with the increase they produce, or the decrease that results in 
spite of these new completions. 

3. Calculation from theoretical decline curves of the number 
of new wells necessary, counting in an estimated percentage of 
failures. 

In conclu^on, the appraiser should beware of his principal 
danger, that of underestimating the differences between projo- 
erties in different sands, pools and regions. The constant keep- 
ing and elaboration of data on properties in a great variety of 
conditions can alone keep him from too far-fetched comparisons. 
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CHAPTER VIII 

SOME COMMERCIAL FACTORS INVOLVED IN THE 
APPRAISEMENT OF PETROLEITM PROPERTIES 

By J. P. Cappbao' 
Owing to the differences in petroleums, in sand stratas, and 
in the location of oil properties and markets, it is indeed difficult, 
if not impracticable, to lay down any definite rules for the 
determination of the value of an oil-producing area: each prop- 
erty, locality or field must invariably receive separate con- 
sideration. There are, however, certain commercial factors 
which are always involved in the appraisal of petroleum prop- 
erties; these are as follows: (1) The character of the petroleum; 
(2) the producing formations; and (3) the age of the wella and 
the physical condition of the properties. These considerations 
may be applied as a general basis of procedure, and, upon 
analysis, may be altered to meet local conditions. 

THE CHARACTER OF THE PBTROLBDH 

Consideration is given to the nature of the petroleum, whether 
of paraffin- or asphalt-base, and its gravity and relative refining 
value; the present and possible future prices, and the markets 
therefor, whether estabhshed or to be created; and the question 
of marketing the oil, that is, tran.sportation and selling facilities. 

Nature of the Petroleum.— At the present time parafiQn-baae 
oils of light gravity are regarded as the most valuable; these 
yield the largest percentage of marketable products and the 
most valuable manufactured specialties; moreover, their markets 
have been long established, are of world-wide extent, and are 
constantly growing. 

Within recent years, however, asphalt-base oils of heavy 
gravity have received more favorable attention, owing to the 
development of improved methods of treatment, which have 

' Specialist in Oil and Gas I^perties, 223 Fourth Avenue, Pittsburgh, Pa. 
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taken such oils out of the strictly fuel class. Then, too, the 
large yields of many of the individual wells producing asphalt- 
base oils have contributed in favor of such petroleum, since the 
producing cost is thus reduced. 

Market Conditions. — The present and possible future price 
of the petroleum produced is, of course, of prime importance. 
As is well-known, the selling price of crude oil at the wells is 
governed entirely by the laws of supply and demand, an over- 
production occasioning a declining market, and vice versa. 
To predict the future of a business that is world-wide in extent, 
is without the scope of an ordinary examination of any property; 
but a general consideration of the whole producing area in ques- 
tion should determine, in a fair way, whether or not that par- 
ticular country or section thereof will be subject to extreme, 
local price fluctuations due to the opening up of new pools of the 
gusher variety or whether the undrilled territory is only likely 
to offset the decline in the developed fields. 

Where established marketing concerns are in operation, as, 
for instance, pipe line companies or purchasing agencies, the 
question of markets is of minor importance; but in a new country, 
where the producer must secure a market for himself, it is indeed 
a very serious consideration, smce it requires the expenditure of a 
large amount of money and of considerable time. 

Transportation. — In considering the marketing of a petroleum, 
careful attention must be given to the location of and the dis- 
tance from the point of market for the product and the means of 
reaching this market. If a pipe line system is connected to the 
field or is in the locality of the property, and can therefore be 
connected, or if transportation by water is available, the value 
of the property is thereby increased. Otherwise, where such 
transportation must be provided by the producer, say by pipe 
line to a, railroad, the cost thereof is usually higher than by pipe- 
line system and the difference is generally deducted from the 
price received for the product. The lack of transportation 
facilities, as by pipe systems with their accompanying pur- 
chasing departments, retards the development of new oil fields 
more than any other single factor, and has been encountered in 
the opening up of the California, Oklahoma and Wyoming 
fields, where, in each state, petroleum was known to exist in 
commercial quantities for a number of years prior to the time 
these stf^tes attained prominence as producers. 
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THE PRODUCING FORBUTIONS 

Although new producisg fonnatioos are coostantry being 
developed, in almost every oil field of any size or age there has 
been found one or more aand strata that stand out prominently 
because of the thickness of their "pay streaks'" and producing 
qualities; these strata are used for purposes of comparison, 
values being frequently ba^ed upon their past history and 
production per acre over a given period of time. In the eastern 
oil fields, we find, among the white sand strata, the "Second" 
and "Third" sands of Oil Creek, Pennsylvania; the "Brown" 
and "Chocolate" sands of Bradford and Elk counties, Penn- 
sylvania; the 100-ft. "Third" and "Fourth" sands of Butler 
County, Pennsylvania; the "Salt Sand," "Maxon," "Big In- 
jun," "Gordon," and "Fifth" sands in West Virginia; and the 
"Cow Run," "Berea," "Clinton," and "Trenton" sands in 
Ohio. In Iltinois, the "Casey," "Robinson," "Bridgeport," 
"Kirkwood," and "McCloskey," are well known; and in 
Oklahoma, there are a number of different producing sands, the 
"Bartlesville" being the most productive. In the case of all of 
these sands, the general thickness, the thickness of the "pay 
streaks," and the producing qualities, are known and accord- 
ingly they are employed for comparative purposes. In the 
Gulf Coast, Louisiana and Texas fields, the sands occur more 
in irregular lenses, and the production is in "pools" and not in 
fields, as is the case in the more northern and eastern producing 
sections. 

A thick body of sand in any horizon is to be desired, provided 
it is porous and contains one or more "pay streaks." In some 
sand horizons, there are several "pay streaks" of both oil and gas 
in the same sand body, separated by harder or non-porous 
strata, yet forming a continuous body, clear of breaks of shale or 
slates. In the McDonald pool of Pennsylvania, and in the 
Glenn pool, Cushing and Healdton fields of Oklahoma, "pay" 
or producing strata of from 30 to 100 ft. have been found, all 
impregnated with petroleum and gas. Such thicknesses are, 
however, unusual, and the average "pay" does not exceed I to 
10 ft. of real producing sand in each well. 

' A "pay streak" is that portion of the Bund body which is sufficiently 
open or porous to contain oil find gas, the amount of which is determined 
by the action of the well while drilling through the sand. 
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ITmfornuty in the Band levels and in the character and size of 
the wells, is always desirable. In cases where the amount of 
sand, the thickness of the "pay streaks," the quantity of oil 
» produced in a given time, and the rate of decline in daily pro- 

• duction, can be determined on the property under examina- 

[ tion, or on adjoining properties, a good basis may be had for 

' estimating the probable life and value. Where a sample of the 

1 "pay streak sand" can be obtained — this can frequently be 

I secured after a "shot" — its absorption or voids may be deter- 

mined and its probable petroleum content estimated per cubic 
foot per acre of "pay streak" or producing sand. Data of this 
■ character may indicate contents ranging from 1,000 to 2,000 

I bbl. per acre-foot, of which amount it is estimated that 40 per 

cent, to 70 per cent, may be recovered, depending upon the 
character and the porosity of the sand rock. While some 
production has been found in shales, such occurrences are usually 
' regarded as "freaks," and sand or sandy lime is considered the 

best producing stratum. The petroleum from a formation con- 
taining an excess of lime generally contains sulphur in amounts 
detrimental to the value of the oil; moreover, where lime pre- 
dominates in the sand, the wells in such a formation have 
cither been very porous or broken by crevices, as found in certain 
of the large wells in the Mexican fields. 

The effect of torpedoing or "shooting" on the producing sand 
is of importance in the consideration of values. Home horizons 
respond to several "shots," while others will not respond after 
the first "shot." A property on which the wells are producing 
naturally, that is, have never been "shot," and are in a sand 
known to respond to "shooting," would be considered more 
valuable if the wells were in such condition that they could, 
without too much expense, still be "shot," than a property 
whereon the wells had already been "shot," In the first case, 
there would still be a likelihood of increasing the production by 
"shooting," which operation had already been carried out in the 
second instance, 

The gas pressure on the oil rock is important not only from a 
fuel supply standpoint for operating the property, but because 
the rapid dechne in gas pressure usually indicates a decline in 
production. 

The amount of water, if any, in the sand horizon has an im- 
portant bearing on the valuation of an oil property. The 
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presence of water increases the cost of pumping, and water with 
gas will sometimes "cut" the oil, necessitating rehandling after 
it ifi in the tank. However, some sands produce water and oil 
simultaneously; as instances, the 100-ft. sand in Butler County, 
Penosylvama, and the "Big Injun" sand in West Virginia may 
be cited. Salt water is usually considered detrimental, depend- 
ing upon the amount. Both fuel and water supplies are essential 
for the operation of a producing property, and these become a 
fixed charge when not obtained thereon. 

Where the property imder appraisal is in a new field and the 
sand horizon is unknown, the character of the petroleum, the 
nature of the sand, the gas pressure, and the production of the 
well; whether it holds or declines rapidly, as well as the geology 
of the locality, form the basis for valuation.' 

THE AGE OF THE WELLS 

The date of completion of each well, its initial natural produc- 
tion, the amount of "pay sand," the total thickness of the sand, 
the initial production after a "shot," the date and size of the 
"shot," the amount and size of the casing in each hole, and a 
general inventory of material, machinery, fittings on the lease, 
number of rigs, their condition, whether the wells are operated by 
powers or individual engines to each well, the number of wells 
pulled per month by reason of sand-cutting cups, or other reasons, 
the pay roll and sundry expense per month as to amount of oil 
produced, as well as taxes, both state and county, and the laws 
affecting oil property in the locality in which the property is 
situated, must all be considered. The equipment should be 
examined carefully in order to aaccrtain whether it is sufficient 
to handle the property, or to determine whether an additional 
investment will be necessary. Then, too, the value of the 
equipment, and the amount that could be removed and its 
value at junk or second-hand prices, must be estimated. The 
market price that can be secured for the production at the time 
of the valuation of the property and the probable price of the 
future, as well as the amount that may be produced in a given 
term of years, ^ are also to be estimated; and it is necessary to 

' In this conncotion, see FonsTNEH, Mm. Set. Press, 103 (1911), 578; and 
especially Chap. VII. On the value of geology, see Hager, Min. and Enff. 
World, 36, 435; 36, liSO. 

'On the estimation of productive capacity, see McLaoghun, We»tern 
Eng., July, 1914. 
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ascertain approximately the time required to return the amount 
of investment, with interest, less the value of the equipment at 
the end of that time. 

A fresh production, i.e., one that ia from one to six months old, 
is usually expected to "pay out" in two years, based on the price 
of the oil at the time. Somewhat older production may "pay 
out" in three years, and old settled production in five to six 
years, depending on the location of the fields, sand horizons, and 
the chances to hold or increase the production by drilling new 
wells, shooting or cleaning out old wells, and possibility of ad- 
vance in price of crude oil. An undetermined deduction should 
be made to cover such possible contingencies as new fields being 
opened, increasing the general production and causii^ a deblioe 
in crude oil prices, or extraordinary expenses that may occur, 
such as losses by fire or wind, unexpected fishing jobs, or other 
accidents that may happen on a producing property. 
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CHAPTER IX 

POSSIBLE CAUSES OF THE DECLINE OF OIL WBLLS 
AHD SUGGESTED METHODS OF 
. PROLONGING YIELD' 

Bt L. G. Hdntley' 
This chapter is devoted to a discussion of various natural 
phenomeiia eacouatered ia the drillit^ and handling of oil and 
gas wells, and to suggestions as to the lines along which the 
present practice of recovery may sometimes be improved. The 
decline of individual wells is the direct factor in the general de- 
cline of production throughout all fields, and the efficiency of the 
recovery of petroleum from its underground sources can be 
measured by the lei^th of time during which economic produc- 
tion can be sustained in individual wells or groups of wells. The 
approaching rise in the price of oil will lead to more attention 
being paid to more efficient recovery, with the object of leaving 
the least possible percentage of the original petroleum content 
in the sand when the well is finally abandoned. Some methods 
that by prolonging the life of wells may be helpful in obtain- 
ing the maximum amount of oil at a minimum cost, are briefly 
summarized on the following pages. 

CAUSES OP DECLINING YIELD 

The reasons for the decline of oil wells may be grouped in two 
classes— those due to natural causes and those due to poor 
management. Since the early days of the petroleum industry, 
improvements in methods of production have to a large extent 
been confined to lessening the cost of drilling wells and to reduc- 
ing the cost of surface operations. Although well-known 

> Teekniral Paper 61 (1913) of the Bureau of Mines, revised and consider- 
ably enlarged by Mr. Huntley, especially for this work; but published by 
permission of the Director of the Bureau of Minea. 

' Eiecturer on Foreign Oil fields in the University of Pittsburgh and member 
of the firm of Johnson and Hdntlet, Consulting Oil Geologiata, 306 State 
Hall, Pittsburgh, Pa. 
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physical laws offer a possible solutioD for all underground 

problems, yet the amount of carefully gathered data is so scarce 
that general deductions must be cautiously made. Hence this 
chapter discusses both classes of the cause of decline, describes 
some of the remedial measures now employed, and gives sug- 
gestions as to possible means of bettering present methods of 
operating. 

In general, the yield of a well declines in one or both of two 
ways: (a) Suddenly, after the initial spurt due to local relief of 
pressure; or (fc) with relative slowness after the production has 
become settled. 

Sudden Decline o( Yield. — In most districts the wells begin 
with a relatively large initial production that is followed by a 
rather rapid decUne to a stage during which the decrease is more 
gradual. The initial spurt, which in many cases represents the 
flowing period of a well's life, is due to a rehcf of the super- 
saturated condition of the sand. The sudden release of pressure 
results in a spurt of petroleum, usually in the form of an emulsion 
with spray, caused by the expansion of the contained gases, 
that lasts for a variable length of time. The duration of this 
period of high production depends on local conditions, such as 
the porosity and structure of the sand, the extent and develop- 
rSaent of the pool, the character of the oil, the rock pressure, the 
position of the well with reference to the center of production, 
to salt water, and to other conditions of less importance. 

Carll' likens the producing hfe of an oil well in the high-grade 
, oil fields to drawing beer from a barrel, as follows: 

The barrel is placed in the cellar and a bar pump inserted — at first 
the liquid flofra freely through the tube without using the pump, but 
presently the gas weakens and the puinp is called into requisition, and 
finally the gas pressure in the barrel becomes so weak that a venthole 
must be made to admit atmospheric pressure before the barrel can be 
completely emptied even by a pump. 

This comparison is a general one and disregards all except the 
main factors of oil production. 

Relatively Slow Decline of Yield.^ — The extent and rapidity 
of the succeeding decline is governed by several factors, which 
may be classified as follows: 

1. Formation of waxy sediments that obstruct the passage of 
oil from the sand. 

'J, F. Carll, "Tho Goulogy of tlie Oil RcgioaaofWarron, Venango, Clar- 
ion, aad hntler Counties," Second Oeol. Survey Ptnnsukania, 3 (18S0J, 362. 
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2. Decline of gas pressure in the district; that is, decrease of 
expulsive force, due to the exhaustion of the lighter and gaseous 
hydrocarbons. 

3. Decrease in quantity of oil draining by gravity down the 
dip into the area a£feet«d by a well. 

4. Decrease of the oil supply within the drainage area of a. well 
on account of near-by development or the original limits of the 
pool. 

5. Flooding by nonencroaching salt water under low pressure. 

6. Flooding of the productive formation by salt water under 
high pressure. 

7. Flooding by fresh water from the surface or from an over- 
lying water-bearing formation. 

8. Drilling of neighboring wells. 

9. Poor management, such as improper casing, imwise rate 
and time of pumping, and failure to clean- 
One of the most important of the factora enumerated is the 

formation of obstructive waxy sediments in the productive 
stratum and in the tubing of the well, owing to excessive re- 
frigeration incident to the free expan-sion of large quantities of 
gaseous hydrocarbons associated with the crude oil in the rock. 
That in some fields an early decline and seeming exhaustion is 
premature and can be credited to this cause is evidenced by the 
fact that when new wells are drilled near older wells that have 
ceased to produce, the new ones give every indication of unim- 
paired pressures and vitality. It was a common occurrence 
in the northern Pennsylvania oil fields to find that the second and 
third crop of wells in old pools produced large quantities of oil 
after the territory had been abandoned as exhausted. 

Carll speaks of the producing formation as being a "practically 
sealed reservoir" so far as an individual pool is concerned. As 
an example, he mentions the Cashup (Pa.) pool, which was dis- 
covered in 1871, three or four years after the Pithole pool — 
2 miles to the southwest — had been practically exhausted. 
When tapped, the Cashup pool showed all the conditions normal 
to new territory and an abundance of lively oil, which attested 
its energy and force in a well flowing over 1,000 bbl. per day. 

The history of these pools has been duplicated in many places 
in Butler and Clarion counties, Pa. Further evidence that the 
shorter life of the more recent tlevelopmcnt in southwestern 
Pennsylvania and West Virginia is not due to the draining of 
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the oil and gas from the northern fields is the fact that the newer 
fields show much gi-eater pressures and volumes of gas than the 
old fields ever did, even when encountered in the same producing 
sands.' To account for these changed conditions one must 
therefore look to causes other than any underground connection. 

Another factor in the rapid decline of wells following the initial 
spurt is the relief from the supersaturated condition of the sand, 
allowing the drag caused by the capillarity and the friction of the 
oil through the sand to make itself apparent. The gaseous 
hydrocarbons in the immediate vicinity of the well dissipate 
themselves in, the initial flow, and the production therefore falla 
off, owing to a lessening of the expulsive force. In Sowing wella 
this marks the beginning of the "stripping stage." The char- 
acter and porosity of the sand will influence the duration and 
amount of the initial flow, which, if from a loose, porous sand, 
will be more violent and will affect a larger radius than if from a 
fine compact sand. 

Under ideal producing conditions the decline of a well would 
depend oo only three main factors: (a) The quantity of oil 
available; (6) the rock pressure; and (c) the character and 
porosity of the sand. Hence, all efforts should aim at a proper 
understanding of the various conditions that complicate these 
main factors, govern the productivity of a well, and abnormally 
hasten its abandonment. The rapid dechne of many wells from 
large producers to small pumpers, while at the same time large 
producers are being completed in the same vicinity, is evidence 
that these abnormal factors are at work. 

Decline Due to the Formation of Waxy Sediment. — Petroleum 
in the so-called paraflin-oil fields consists of hydrocarbons of 
the paraffin series, which range from the heaviest oil to the 
lightest gas. The gaseous constituents of petroleum exist in 
what may be likened to a solution, much like the gas in a bottle 
of soda water, and as auch expand and escape when the pressure 
is relieved by a weU. The sudden expansion and volatilization 
of such hght hydrocarbons has a refrigerating effect, like the 
expansion of ammoiua gas in an ice machine, chilling the re- 
mainder of the liquid petroleum and causing the separation of 
the heaviest paraffin as an amorphous waxy sediment. 

As an example of this process, a simple experiment described by 

' J, F. C^HLL, op. cil.; I. C. White, West Virginia Geological Sunty, 1 
(1904), 171. 
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Miles W. Quick, of Titusville, Pa., in an unpublished TDanuscript, 
may be mentioned. A sample of light oil was cooled to a tem- 
perature of 25°F. until it was cloudy to the top. When the 
sample was warmed to between 60° and 70°F., the original 
temperature, the cloudiness did not dLsappoar. After further 
heating, which caused all conRetation to disappear, the sample 
was again cooled to 35°F., and the top half was decanted off and 
labeled "Sample 1." The part of the original sample remaining 
in the bottle was called "Sample 2." When sample 2 was warmed, 
its appearance was identical with that of sample 1; yet when 
sample 1 was cooled to a temperature of SS^F., no congelation 
took place, whereas at thia temperature sample 2 was cloudy 
with amorphous parafGn. 

Several interesting deductions may be mttde from the experi- 
ment. In the first place, although Carll states that oil and gas 
appear to exist in the rock, not as distinct bodies, but as one sub- 
stance — gaseous hydiocarbona being incorporated with the oil 
as gas with water in a bottle of soda water — yet the experiment 
described above shows that under certain circumstances "strati- 
fication" does take place. The free escape of the light hydro- 
carbon gases, as allowed at most wells, gradually changes the 
relative composition of the oil remaining in the rock, until the 
accompanying refrigerative effect of thegasexpansionand vapori- 
zation is sufficient to lower the temperature of the oil in the 
immediate vicinity of the well by overcoming convection from 
the siM-rounding rock. This results in the formation of waxy 
paraffin sediments, which, combining with water and fine rock 
sediments, clog the pores of the sand and obstruct the passage 
of the oil into the well. 

The process accounts for the sudden failure of many wells, some 
situated in unexhausted territory,' The drop of a few degrees 
near a certain critical temperature has more effect on the con- 
gelation of the oil in a well than a preceding 20" change in 
temperature. Hence, when the petroleum becomes relatively 
high in heavy paraffin constituents, or, conversely, low in its 
percentage of light hydrocarbons, which have been exhausted 

•As early aa 1866, J, Fraseb (United States Patent 49995, Sept. 19, 
1B6S) proposed the use of hot "carbouic oxide" for heating oil welts to re- 
move paraffin. See oIbo W. O. Smelling. United States Patent 1104011, 
Julv 21, 1914; and I. L. Ddnn, United States Patent 1107416, Aug. 18, 
1914.— R.F.B. and W.X.H. 
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in the early stages of production, the wax will soon clog the 
outlets and production will end abruptly. To repeat, this result 
is brought about both by the free escape of well gases and by the 
stratifying of the oil, as indicated in the experiment described 
above, and its effect is most pronounced near the well, where 
expansion takes place. 

Decline Due to the Exhaustion of the Gaseous Hydro- 
carbons. — The decline of gas pressure in the pool through the 
exhaustion of the lighter hydrocarbons acts in a variety of ways 
to cause the decline of wells. In the first place the reduction 
of the specific gravity of the oil remaining in the rock indirectly 
affects the production, as described in the preceding paragraph. 
The practice of allowing the free escape of vapors instead of 
endeavoring to make each cubic foot of gas in expanding per- 
form its quota of work in the expulsion of liquid petroleum, is a 
direct cause of the decline of flowing wells. It is almost as direct 
a factor in the decline of pumping wells as the intrastrata gas 
pressure is the means of keeping up the continuous movement 
of the fluid toward the well when the well is pumped. 

The accompanying diagram (Fig. 135) illustrates the pos- 
sibility of this loss in a typical oil well located in one of the larger 
pools in the United States. Attention should be called to the 
fact that with the entire original oil body present in the sand at 
the reduced pressure of 450 lb., the succeeding decline curve 
would differ from the normal curve shown. Further experi- 
ments and data are needed on this point, but this difference is 
not believed to be great. With such decreased pressure, capil- 
larity would have an effect on the expulsion of all the oil, and, in 
addition, a critical point will be found to exist — differing with the 
conditions in each pool and well — where expulsion would be a 
direct function of the pressure and the frictional resistance, 
regardless of a relatively small difference in the percentage of 
oil saturation in the sand. 

As another indirect effect, may be mentioned the flooding of 
oil pools by water, owing to the injudicious rapidity with which 
the gas is drained from the pool. The rapid exhaustion of the 
gas in a certain part of the field may remove the only influence 
retarding the encroachment of water, which may, by a flanking 
movement, cut off a large section of the producing area. Or 
water may exist in the lower part of the oil-sand, being held in 
check only by the pressure of the gas. If each cubic foot of gas 
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were retained to perform its work of expelling petroleum, the 
[M%88ure would help to retard the water for a considerable peiiod, 
or tutil the maximmn amount of oil had been recovered. The 
Hogshooter pool in Oklahoma is an example of a producing gaa 
district that has been ruined by having its gas drained too 
rapidly. Wells were conmionly drawn upon to their utmost 
capacity; hence, as no pressure restrained the water under high 
pressure in the lower part of the productive formation, it flooded 
one well after another. Although Oklahoma has a law requiring 




Fro. 135. — The production of a typical oil well. 

that 50 per cent, of the open-Qow capacity must be retained in 
the well, little attempt was made to comply with this law. In 
some pools, such as the Hogshooter, it is believed that not over 
16 per cent, of a gaa well's capacity should be turned into the 
pipe line at any time, the remainder being retained in the well 
to keep back the water. 

DECREASE IN THE QUANTITY OF OIL DRAINING BY GRAVITATION 
INTO THE AREA INFLUENCED BY A WELL 

The effect of gravitation in many pools is usually overlooked. 
That gravitation tends to cause the accumulation of the remnant 
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of oil in some pools is undoubted; and some instances of aband- 
oned fields that have been rejuvenated and are again productive 
can no doubt be explained on this basis. In a fine-grained sand, 
movement by gravity may be so slow as to make it of no con- 
sequence during the operation of an oil operator's lease. How- 
ever, in a soft or very porous stratum of rather pronounced dip, 
or one that lies in such a manner as to form a decided catchment 
area for oil, the movement down the dip may in a comparatively 
short time replenish the oil drained off by wells. This factor 
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^^^^V flood- waUir pressure. 

^^^K'thould therefore be recognized. In fact, in some pools it may 
^^^K'lexplain the total production of many small wells. 
^^^B A coarse vesicular oil rock would be particularly favorable for 
^^B^ this movement. In the Oil Springs pool in Ontario, advantage 
is taken of the annual advance of oil ahead of the fresh water in- 
flux from the spring freshets. As indicated in Fig. 136, the water 
I in this locality obtains entrance to the oil rock through abandoned 
wells (as 1 and 2 of the figure), drilled from low points on the 
BUrfaee. Certain "live" wells located at strategic points are 
pumped successively, resulting in a large recovery. The possi- 
bilities of auch procedure are readily apparent. 
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Of especial interest are the possibilities of introducing water 
into wells located at the crest of the dip to aid in the gravitation 
of the oil, assuming that the oil is already concentrated in large. 
enough quantitiesto make drilling pay. This movement down the 
dip to a catchment area would probably be accelerated by drilling 
wells at high points on the dip, to admit atmospheric pressure 
behind the oil. This would appear a necessity, as under the 
assumption that the oil rock is an air and fluid tight reservoir, 
a medium for replacing the oil would have to be furnished from 
an outside source. This theory disregards the factor of gas 
pressure, which in fields producing heavy asphaltic oils is ne^i- 
gible, and in many cases is entirely dissipated in the early history 
of some high-grade oil fields. 

In fine-grained sandstone, such as the Clinton sand in central 
Ohio, capillarity may so retard the action of gravity that the 
latter may be neglected by the operator, especially in a region 
of low monoclinal dips such as exist in that part of Ohio. lu 
certain of the older Pennsylvania and West Virginia fields, how- 
ever, this force may be the explanation for the "coming back" of 
old districts, a phenomenon that caused pioneers in the oil 
industry to believe that oil was being formed continually in 
underground sources and that its exhaustion was impossible. 
In fact, speculation as to the possible "coming back" of many 
pools has led to the spending of thousands of dollars in compara- 
tively recent years, when carefully collected information might 
have shown such expenditure to be useless. Again, assuming 
with Carll that the oil rock is a "practically sealed reservoir," 
a modification of the theory of the action of gravitation in the 
recovery of oil may be necessary to account for wells that produce * 
little or nothing until later wells are drilled higher up the dip, 
when the first wells show a marked improvement in production. 
The movement of the oil down the dip is then seemingly aided 
by atmospheric pressure from above. This theory also assumes 
an absence of original rock pressure or its previous exhaustion. 
An atmospheric pressure of 15 lb. per square inch in the wells 
first drilled is sufficient to keep back the oil until an equalizing 
pressure from behind is applied. If gas exists in the rock, its 
expansion will furnish this replacing medium. 

The production of some wells improves after the drilling of 
neighboring wells, a result that may proliably be explained on 
a basis similar to the above. In oil wells the atmospheric 
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pressure, combined with the retarding capillarity of the sand, 

may be sufficient to prevent recovery. However, the contrary 
effect was observed in two welts in the pool at \ inton La The 
oil is of a heavy asphaltic base with no gas The farst well en- 
countered a "pay" sand so soft that the rotary bit dropped 
through of its own weight. It began to producL od and continued 
until a second well was drilled close by. This second well struck 
the same sand in the same con- 
dition, but it immediately col- 
lapsed or "packed "and there- 
after neither well produced a 
gallon of oil. As the rest of 
the field was pumping oil from 
this sand, and as the oil in the 
sand was therefore under less 
than atmospheric pressure, the 
admission of air to the sand in 
the second well, combined 
with the draft in the direction 
of the pumping wella in older 
parts of the pool, may have 
been sufficient to drive the oil 
in that direction, the sand 
then collapsing, possibly from 
atmospheric pres.'jure, as the 
drillers state that the well was 
not flooded. 

The famous Triumph pool 
in Pennsylvania is a historic 
example of wells pumped at less 
than atmospheric pressure.' 

The gas pumps kept from 10 to 12 lb. vacuum on the sand at all 
times, thus relieving the pressure sufficiently to allow the recovery 
of the oil. In such pools as this, it conditions permit, air holes 
drilled at strategic points and left open would undoubtedly 
result in the flow of oil toward the pumping wells, without the 
added expefise of gas pumps. In other districts where recovery 
is small, a like procedure would be a profitable means of more 

'J. F. Cabll, "The Geology of the Oil Reii;ioii9 ot Wiirrsn, VenangOt 
Clarion and Butler CountisB," Seetmd Oeol. Survey Pennaylvania, 3 (1880), 
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rapid recovery, if proper care were exercised. It is, however, 
true that in many wellB air reaches the oil-sand between the 
bottom of the ca^ng and the ead of the tubing, and that by 
comiecting a vacuum pump to the casing the flow of oil is 
increased. 

The so-called "Marietta plan" is based on this principle. 
By this, air is forced into alternate wells under pressure, while 
other wells are pumped for oil, sometimes under vacuum. This 
process has met with considerable success in localities where the 
sand is of a close imiform texture. In certain coarse pebbly sands 
there would be a tendency for the air to "short-circuit," and 
hence be very inefficient in forcing the oil from the sand. As 
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early as 1904, one company installed a large blowing plant in 
connection with their wells at Batson, Texas. 

In some regions where the dip of the rocks is steep, as on pro- 
nounced anticlines or monoclines, the action of gravitation on the 
flow of wells is noticeable, and those wells located up the dip 
will tend to drain the oil from those lower down. Rival pro- 
ducers, in locating their wells, take advantage of this action. 
The best practice is, of course, to space wells closer across the 
dip than in the lire of the dip. Fig. 137 illustrates the lines of 
flow into two interfering wells in a region where the dip, and hence 
the gravitational movement of the oil, is in a general direction. 

Figure 138 also illustrates this condition. As part of the oil 
is drained from the pool by wells, the remaining part tends to 
move down the slope of the sand, lowering its upper level so that 
wells located up the dip (as well A in the figure) cease producing. 
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some of them probably developing a email gas production. As 
this action proceeds, a well farther down the dip {as well B in 
the figure) will begin to fail, until a well located as at C will be 
the only producer and hence the longest-lived well in the pool. 



DECREASE OF OE, SUPPLY OK ACCOUHT OF HEAR-BY 
DEVELOPMENt 

In those pools in which the decline has been normal, with a 
maximum recovery of the oil, decline in production will depend 
only on the exhaustion of the gas pressure and the decrease of 
the available imderground supply. Advantage is sometimes 
taken of natural forces that tend to conserve the expulsive 
energies of the petroleum in the rock, thus preventing the for- 
mation of excessive obstructive sediments and eliminating water 
problems until later in the life of the well. The character and 
porosity of the oil rock affect the extent of the drainage, the most 
favorable material for rapid drainage being a sandstone that 
is coarse and porous, though not loose enough to allow the setting 
up of sharply defined drainage channels by the flow of oil and 
water through the sand. On the other hand, more sudden gas 
expansion takes place in such a sand than in one of a close texture; 
and if the oil becomes chilled, wax will form unless care is exercised. 

The decrease under consideration occurred at the Petrolia, 
Oil Springs, and Bothwell pools in Ontario, the wells in those 
pools exhausting from the outward edges of the productive area 
inward. The famous Glenn pool of Oklahoma is an example 
of a different type, the oil-sand being coarse, porous, and uniform 
in texture, there being no water problem and no excessive 
waxing of the sand face or the pumping rods. Pumping is 
regular and consistent, and the wells as a rule are uniformly 
spaced. As a result, the decline is normal and gradual, the 
fluctuations in the production of a group of wells occurring only 
at times of cleamng or as a result of unfavorable pipe-line 
conditions. Curves 3 and 4 of Fig. 139 represent nearly ideal 
production curves of groups of wells in the Glenn pool, Oklahoma. 

There have been oil wells and gas wells fhat increased their 
production for a time after a neighboring well had been com- 
pleted. In the Mansfield district, south of Shreveport, La., both 
pressure and volume of some of the pioneer gas wells increased 
greatly for the first few mouths. The increased production in 
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such cases is prob&bly due to the cleaning out of seepage and 
drainage channelB in the rock as a well is drawn upon. Althou^ 
one well bad an initial pressure of 60 lb,, which increased in four 




Fin. 139. — Typical production curves of wdla in the Mid-ConUneat oil 
field. Curves represent production under lensi?s aa follows: 1, Muskogee 
district, Oklahoma; 2, Bartlcsvillo diatrict, Oklahoma; 3 and 4, Glenn pool, 
Oklahoma. 

months to more than 250 lb. closed pressure, yet if the well had 
been closed for a sufficient length of time to allow the full pressure 
to accumulate in the casing, the initial pressure would probably 
have equaled that recorded later. Such wells are usually evi- 
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dence that the drilling has been done near the edge of an oil or 
gaa pool and not in the best place, Carll' states that as a rule 
the first wells drilled in a new pool have greater productiveness 
than those drilled later; but that if the first wells are drilled at 
the edge of a pool in poor rock, welia subsequently drilled at 
the center of production will drain the pioneer wells, whose high 
initial yield is largely due to the original rock pressure being 
sufficient to counterbalance the effect of the tight, close sand. 

As illustrative of the conditions mentioned, Carll^ cites the 
National well No. 1, drilled in February', 1866, and situated a few 
rods from the National No. 2, in the Pleasantville district. 

It was very near the edge of a lai^e and well-stored pool and passed 
through rather an inferior oil rock, as compared with that afterward 
found on the axis of the belt; stiJl it had a sufficiently free connection 
with the supplying, reservoir to furnish a delivery of about 85 bbl. per 
day, and it maintained its production with wonderful constancy for 
two years, having declined only to about 60 bbl. in that time. In 
the summer of 1868 wella were drilled in the main pool from wliich it 
had been derii-ing its supply. Some of these wdls produced as much as 
150 bbl. per day. The effect upon the National was immediately 
apparent. Its production dropped off rapidly and dwindled down to 
10 bbl. or less per day. 

The Harmonial well No. 1 was on the northern edge of the Pleasant- 
ville belt. The main body of oil and the best sand rock, as was after- 
ward demonstrated, lay to the south. It started with a small yield 
and at the end of a fortnight was pumping about 30 bbl. per day. 
Gradually increasing its production, as if enlarging and cleaning out 
the passages leading uito the supplying reservoir, it finally commenced 
to flow and ran up to 125 bbl., where it remained until wella of larger 
flow were drilled in the center of the belt and relieved the gas pressure, 
when pumping had to he resumed. After this it soon tell down to an 
un remunerative production and was abandoned. 

Figure 138 shows oil occurring on a monoclinal dip, above a 
water-saturated zone in the sand. The water level is con- 
sidered as practically none ncroac bin g. As the oil body ahrinks, 
owing to the pumping of the wells, the upper level will drop, 
and wells situated as at A will fail, possibly developing a little 
gas production, followed by the failure of wells, as at B. Mean- 

'J. F, Cabll, "The Geology of the Oil Regions of Warren, Venango, 
Clarion, anil Butlpr Counties," Second OeoL Svrvej/ PeimtyUiania, S 
(1880), 259. 

' J. F. Cabi,:,, ibid., 258 and 259. 
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while a well, as at C, is probcbly pumping somewhat more water 
with the oi] than are the others, and may perhaps be entirely 
flooded, leaving wells situated, aa at Z>, as the longest-lived wells 
in the field. 

The position of an oil property with respect to producing 
territory should be studied carefully, for the knowledge to be 
gained from such study will be of much assistance in arriving at 
a fair valuation of the property. 

Practically, so far as the oil man is concerned, an tnl-bearing 
rock before being drilled may be considered as a "sealed reser- 
voir;" and as oil and gas are recovered from it, their places will 
always be taken by some other medium, as nature tends to 
restore equilibrium. This replacement may be made by the 
expansion of gas from the same formation, or by air admitted 
through wells; but in most fields this replacing agent is salt 
water from the same stratum, fresh water from the surface 
seeping through old wells, or water entering from an overlying 
formation through badly packed or carelessly plugged wells. 

Carll' says in this connection: 

The flooding of an oil district is generally viewed as a great calamity, 
yet it may be questioned whether a larger amount of oil cannot be 
drawn from the rocks in that way than in any other; for it is certain 
that all the oil cannot be drawn from the reservoir without the admission 
of something to take its place. 

This something may be gas or water from the surrounding 
rocks or air entering through older wells. 



Encroachment of salt water takes place relatively quickly 
under the following conditions:* If salt water lies in the lower 
part of a porous formation overlain by the oil, and this in turn 
by the gas above, and if a well taps both the oil and the water, 
but not the gas because it is all up the dip, expansion of the gas, 
acting downward on the oil and on the water, causes them to 
rush to the well outlet. If the water is in greater quantity than 
the oil, it will often in ii short time flood the well entirely. The 

' J. F. Cahll, ibid., 203. 

* On water id oil wclla, ece alao McLauguli.n, Min. Set. Press, 103 (191 1), 
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oil is thus lost beyond recovery, and the well continues to pro- 
duce nothing but large volumes of water. In pools like the 
Bird Creek and certain other northern Oklahoma pools, the 
initial wells were abandoned in some parts of the district, 
whereas, after the gas pressure had been diminished as a 
result of drilling other wells, it would have been possible to 
have pumped oil from the top of the sand without being 
troubled by water, because the water would then have been 
under less pressure. 

True encroachment to restore equilibrium may occur in a field 
where there is a strong hydrostatic head counterbalanced by the 
gas pressure existing in an oil pool, or by a corresponding head of 
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Fia. 140. — How true encroachment occuis. 

oil, as shown in Fig. 140.' As the gas is drained through well A, 
the water advances until wells B and C are flooded, and the pool 
fails from its outer edges inward until possibly well A produces a 
little oil along with some water, and in its turn is finally flooded. 
By studying the direction of flow of encroaching water, certain 
wells can sometimes be reserved to be pumped for water alone, 
thus protecting the others of the group or pool from encroach- 
ment. Where a few large operators control production in a 
certain pool, cooperation in the study of such conditions and 
concerted action may result in a larger recovery of the oil in 
the pool than would be had by any other means. When many 
small operators are drawing from a pool, water encroachment is 
seldom made an ally instead of an enemy- 
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"crowns" or irregularities cuuaea some water wella to continue 
to produce a little oil with the water, even though all the but- 
rounding wella produce only water. This condition is illustrated 
in Fig. 141, which shows a pocket of oil retained by a poroua lens 
in the sand after the encroachment of water. 

Salt-water encroachment may also occur where the oil acts as 
the only force to restrain the encroachment. As wells are 
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pumped, drainage chaniiels are set up in the sand, and water 
begins to follow the oil as the oil seeps toward the wells, until 
only water wella exist. This form of encroachment is really a 
modification of the second case mentioned above, but cao be 
more easily utilized to aid in draining a pool effectively. 

Again, considering the oil-sand as a "practically sealed reser- 
voir," obviously sometlung nmst be introduced to take the place 
of the oil that is being pumped out. A body of water under 
moderate pressure behind the oil will probably aid in moving the 
oil toward the wells as they are pumped, and will result in the 
least possible amount of oil Ijeing left behind in the formation 
when the pool is finally abandoned. 



The occurrence of water in the lower part of the same porous 
formation in which the oil is encountered is frequent in poola 
where the rocks lie almost level. Where such a condition 
exists, care is usually exercised to stop drilling just short of the 
water. However, an uneven formation may make it impossible 
to judge with certainty when to stop drilling. Possibly cleaning 
or shooting a well may cause it to break through into the water 
below, or an influx of fresh water from the surface or from an 
overlying formation may raise the water level above that origin- 
ally existing in the oil-sand. In such cases oil and water are 
pumped together and in many cases the total amount of water ■ 
decreases in the course of time. However, certain classes 
of mineral water tend to "cut" the oil and cause the formation of 
obstructive matter. It is beUeved that in some pools pumping 
the water with the oil is an aid to the oil recovery, the water 
tending to "flow" the oil toward the well. 

In Oklahoma the high gas pressure in the early days of some 
pools has blown out such large quantities of water with the 
gas that many wells have had to be abandoned. When the 
pressure in such wells has decreased they may be pumped to 
advantage and may produce oil in large quantities; or by keep- 
ing the pressure of the gas as a restraining agent, by using only a 
email percentage of the capacity of the well, the water may be 
kept back and oil only recovered. 
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DECREASE DUE TO FLOODING B7 FRESH WATER 

Owing to defective packers, to lack of care in plugging 
abandoned wells, and. to accidents in drilling and casing, 
water is admitted to many oil-bearing formations from the 
surface or from an overlying water-bearing stratum. Depend- 
ing upon conditions, this admission of water may have any one 
of several results. 

If the volume of water is small, such as that seeping around a 
defective packer, or that due to temporary flooding before the 
packing is inserted, it may aid in the recovery of the oil by 
furnishing the medium necessary to take the place of the oil 
pumped out, thereby increasing the production of a well or group 
of wells. 

If the quantity of water is large and the thickness of the porous 
formation is small, the water may force the oil back so far that 
it cannot be recovered from the well affected. The inflow of 
water may, however, benefit other wells in the vicinity, helping 
the movement of the oil in other directiona, and, the field being 
considered as a whole, may replace the oil pumped out and 
aid in its recovery. The pressure exerted by the column of 
water in a deep well is great, especially if the volume of water 
entering the well is sufficient to keep the column constant. 

The flooding of fresh water no doubt accounts for some 
phenomenal production in field.s where the recovery of petroleum 
from a sand rock has been relatively much higher than in other 
districts producing oil from a formation of equal thickness and 
porosity. 

Attempts have been made to flood an oil-bearing formation, 
so as to concentrate the oil in the formation and to effect a 
maximum recovery of the oil by water replacement. The 
practice is denounced by old operators in the Bradford (Pa.) 
field, and these efforts have met with indifferent success, not on 
account of fault in theory, but on account of insufficient data 
bearing upon undcrgroimd conditions, varying porosities, etc., 
making intelligent prediction as to the movement of the oil an 
uncertainty. Clashing interests usually prevent such attempts 
on a large scale, wells belonging to rival operators being perhaps 
the first flooded, although they may not be located so closely as 
other wells. 

When water is admitted in largo quantities it tends to flow out 
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in various directions, the greatest flow following the line of least 
resistance. Owing to the differences in the resistance offered by 
sands of differing porosities and to varying amounts of gas in 
the rock, this movement of the water (and oil) in regions of low 
monoclinal dip — say, 15 to 20 ft. to the mile — will extend up the 
dip as well as down. The movement will tw particularly strong in 
the direction of very porous lenses and toward pumping wells, 
regardless of the effect of gravitation, the auction created by the 
pumping wells being sufficient to overcome the relatively slight 
tendency of the fluid to How downward. This effect sometimes 
causes wells situated above the point of flooding to be affected 
ahead of the water wave and abandoned before those down the 
dip are affected. As an additional result, the water wave, aided 
by irregularities in the structure and shape of the pool, will some- 
times surround bodies of oil that were originally a part of the 
pool. Two or three such isolated pools are mentioned by Carll 
as having been discovered on the outskirts of the Pithole oil 
pool after the central part had been flooded. 

Again, lenticular pebble beds or lenses of unusually porous 
sand may form pockets in the upper part of an oil-sand and may 
catch quantities of oil, which are retained as the main body of 
oil advances ahead of the water wave (Fig. 141). These pockets 
furnish the oil in many wells that are entirely surrounded by 
flooded territory yet continue to produce a little oil along with 
large quantities of water. 

The entering water may shift the whole body of oil from its 
original position, the extent of such shifting depending on the 
dip and shape of the pool and its underground structure. The 
Oil Springs pool in Lambton County, Ontario, is an example. 
When the pool was first developed it produced from a shallow 
"pay," an open vesicular stratum in the Corniferous limestone. 
The wells were all dug and were cased with Scotch casing of 
large diameter. At the time of the Fenian raid, the field was 
temporarily abandoned. When operations were hiter resumed 
it was found that the lower part of the casing in a great number 
of the wells had been corroded away, the wells had caved, and 
great quantities of fresh water from swamps on the surface had 
flooded the oil-bearing formation. Deeper drilling developed 
the present "pay" stratum at a lower depth, and the old wells 
were abandoned, as they could not, of course, be plugged. 

In recent years wells drilled through this shallow stratum 
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showed that the water had decreased, and one well struck oil. 
Other wells were drilled, and as attempt was again made to 
pump off the water. 

These operations developed the fact that after the spring rains 
or any large freshet, quantities of fresh water seeping into this 
porous formation caused the water level to advance up the sides 
of the anticline upon which the pool is situated, carrying before 
it a considerable body of oil. By pumping certain wells, located 
at strategic points, in progressive rotation as the water or oil 
advanced or receded, considerable oil was recovered. 

It was noticed that more oil was recovered upon the recession 
of the water than upon its advance. As the water advanced, a 
part of the oil was probably caught and retained in the porous 
irregularities on the roof of the stratum. As the water receded, 
these were ^ain taken up by the main body of oil, increasing its 
quantity. This supposition is supported by the fact that a few 
wells would continue to produce a Uttle oil with the water after 
the surrounding wells had all been flooded by the advancing 
water. This theory is illustrated in Fig. 136. 1 and 2 represent 
wells through which flooding takes place, whereas A, A', B, and 
C4%present wells pumped successively for oil as the water changes 
the relative position of the oil body. 

One well is reported to have j^elded 1,300 bbl, of oil in three 
days before failing. As these shallow wells must be worked at 
great speed to effect a maximum recovery before being again 
flooded, pumps of large diameter and quick stroke are used. 

Owing to the unusual conditions and to the open vesicular 
nature of the oil-bearing stratum, the effects of flooding could be 
observed to good advantage in the Oil Springs pool. In most 
pools the "sand" is less porous, seepage and movement of the 
water and oil are slower, and local conditions complicate the 
problem. 

The main factors affecting the flooding of an oil-bearing forma- 
tion may be sunmiarized as follows (adapted from Carll) :' 

(a) Time of flooding — whether early in the process of opera- 
tions, while yet a large percentage of oil (and gas) remains un- 
exhausted, or at a later period after the supply has suffered from 
long-continued depletion. 

" J. F. Caull, "The Geology of the Oil Rpgions of Warren, Veoango, 
Clarion, and Butler Counties," Second Geol. Survey Pennsylt/ania, S 
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(b) Composition of the formation — whether regular and homo- 
geneous throughout or composed of fine sand interbedded with 
irregular layers of gravel, in places lying near the top and in 
places near the bottom. 

(c) Position of the pool — whether flat, as on a structural 
terrace, upon a monoclinal slope, upon the crest of an anticline, 
or at the bottom of a syncline. 

(d) Shape of the area being Sooded. 

(e) Position of the point at which water is admitted in refer- 
ence to the situation of surrounding wells still pumping oil. 

(j) Height of the column of water obtaining admittance. 

(g) Duration of the water supply. It will readily be seen that 
a temporary flooding in comparatively fresh territory, as from 
the drilUng of new wells without casing and from the overhauling 
of old ones having the seed bag attached to the tubing in the 
primitive way, must necessarily be a different affair from a 
flooding caused by a permanent deluge through unplugged and 
abandoned wells in nearly exhausted territory. 

In the former case the flood may be checked before much water 
has accumulated in the rock, and then the oil flow can be re- 
claimed after a few days of persistent pumping; and in the 
latter the recovery of oil is very uncertain, because, for its long- 
continued extraction, a greater capacity has been given to the 
rocks for storing water, and this being supplied from scattered 
and obscure sources there is little probability that it can be 
shut off, although the most thorough and systematic attempts be 
made to check it,' 

Mention may be made of the danger of drilling wells off shore 
along large bodies of water, as has been done in the Selkirk gas 
field in Ontario, along the California coast, and in the Tumbea 
oil field in Peru. An unlimited quantity of water, once ad- 
mitted, will result in the flooding of an entire district. 

On the other hand, the continuous entrance of relatively small 
quantities of water through leaky seed-bag packers in the early 
days of the Pennsylvania oil fields may have furnished the heat 
necessary to prevent the chilling of the oil that was expelled 
through the free escape of large quantities of gas. The water 
60 entering may have accounted for the continued productive- 
ness of some wells, preventing the chilling of the oil and the 

•J. F. Carll, ibid., 206. 
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formation of waxy sediments, and may have been one of the 
factors in some, of the phenomenal productions of that period. 

Although in drilling wells by the old wet method' the heavy 
column of water may have prevented the early discovery of 
some oil-bearing strata, nevertheless the gas was conserved 
until utilized in the expulsion of oil. Some modem wells drilled 
by the dry method, all water being cased off while drilling is 
under way, encounter, especially in the Oklahoma fields, a 
strong flow of gas, which is blown off before the expulsion of 
oil commences. Were these wells drilled "wet", there is no 
doubt that in some cases this premature blowing of gas would 
be avoided, the oil would commence to flow immediately upon 
pumping out the water, and the rock pressure of the pool would 
be conserved for the continued expulsion of oil, thus increasing 
the ultimate production of the district. This great waste 
of natural gas is one of the extravagant practices and one to 
which little attention has been paid until now, when the fields 
are on the point of exhaustion. 

DBCLDfE DUE TO THE DKILLINO OF NEIGHBORINO VELLS 

In an oil pool situated in a region where the formations have 
a pronounced dip, it will usually be found the best practice to 
space wells closer across the dip than down the dip. Figs. 
137, 142 and 143, from Slichter's* discussion of the mutual 
interference of artesian wells, show a number of ways in which oil 
and water are divert-ed by wella, either flowing or pumping. 
Fig, 142 shows the lines of flow into a well in a region where the 
fluid has a constant motion in a general direction. If a second 
well were drilled in the neutral zone, 0, its production would be 
considerably smaller than that of well 1. This figure, in connec- 
tion with Fig. 137, will indicate the advisability of spacing wells 
closer across the line of dip or flow than down the dip. In the 
West Virginia flelds, and in a few Oklahoma fields, where opera- 
tors control large blocks of territory, wells are being spaced 
one well to 10 acres. In many fields the practice has been 
to space them much closer than this; and in many town-lot 
developments, several wells have been drilled on an acre. 

' Isaiah Bowman, " WcU-d rilling MethoJs," U. S. Geol. Survey, Water- 
Supply Paper 267 (19ll), p. 51. 

'C. S. Slichter, "Theoretical Investigation of the Motion of Ground 
Waters," 19M Arin. Kept. U. S. Geol. Survey, pt. 2, 1808, 307. 
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Slichter* demonstrates that in water wells in homogeneous 
formations, the total flow of two wells 200 ft. apart is about 169 
per cent, the flow of a single well. If a third well be placed 
midway between the two, so as to make a row of three wells 
100 ft. apart, the total combined flow from the three wells is 
about 207 per cent, of the flow of a eingle well. On the basis of 
relative viscosities of light crude oils and water, the same figure 




Pig, 142. — lines of flow into a well Fia. 143. — Lines ot flow into two 

in a region where the water or oil int«rfering wellSj one of which has 

has a coDstaut motion in a general double the capacity of the other, 
direction. 

would apply approximately to oil wells 400 ft. apart. This 
disregards differences in the porosity of the sand, varying gas 
pressures, etc. In a normally tight sand, wells may be drilled 
closer together in order to drain the territory at the same rate, 
the character of the sand preventing excessive refrigeration due 
to the free escape of the gas. In such a tight sand neighboring 
wells do not affect each other to the same degree as in a very 
' C. S. Sliohtbb, ibid., 377. 
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porous stratum; that is, such pronounced drain^e chanuelB 
toward the wells first drilled are not formed. 

Figure 144, after Hager,' indicates how the first well (1 in 
the figure) drilled in loose unconsolidated formations, such as the 
Tertiary and Cretaceous sands of California and Louisiana, will 
set up drainage lines in all directions, so that later wells (2, 3, 
4, and 5 in the figure) will produce Uttle or nothing, although there 
are still large quantities of oU in the field. Well 1, however. 




Fia. 144. — The drainage lines ot one welL 

continued to produce prolifically. Fig. 143 shows the lines of 
flow for two interferiog wells in the case where one well has 
doubled the capacity of the other, the larger presumably having 
been drilled first. 

Town-lot development and the conditions brought about by 
many operators with small leases fighting for production, result 
in extravagant and wasteful methods of production. Likewise, 
in the case of the Government leases in Oklahoma — the so-called 



' DoRSEV Haueb, "Geological Factors 
Press, 103 (1911), 740. 



1 Oil Production," Mitt. Sd. 
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"short-terra" leases- — operators were led to drill uneconomically 
in order to extract the maximum amount of oil before the leases 
expired. Such development means uneconomical production 
throughout — drilling more wcUs than are necessary, pumping too 
fast, wasting gaa pressure (and the gas itself), in flooding wells, 
and pumping one well against another, thereby creating under- 
ground conditions favorable for the encroachment of water. 

To drain an oil property most efficiently, that is, to extract all 
the oil possible mth a maximum number of wells and at an 
economical rate of production, it is essential to consider the best 
distance at which to space wells. This distance will, of course, 
differ for every producing stratum and for every field. 

In a great many fields the territory is divided among a number 
of operators, each working against the other to extract the most 
oil possible before his neighbor has a chance to take it. This 
usually results in the holders of small leases drilling as many wells 
as possible close to the boundary lines, forcing the lessees of sur- 
rounding land to drill well for well in order to protect their own 
property. As a matter of course, in such cases, no attention is 
paid to the proper spacing of welts, nor to the probable efEect of 
one well on another. When large operators control sufficient 
acreage, the common practice in the older fields is to space wells 
from 400 to 500 ft. apart. The relatively large leases in the Gush- 
ing pool, in Oklahoma, has made it possible for operators to drill 
more efficiently than was the case in some part.s of the Glenn pool. 
The average in the Gushing pool is one well to 8 acres. This has 
saved a great deal of money for unnecessary drilling operations, 
and also undoubtedly conserved more favorable underground 
conditions in the field. 

As mentioned above, in some formations the first well drilled in 
a group will tend to set up drainage channels and divert large 
quantities of oil from a considerable area. Subsequent wells 
come in as much smaller producers than the original well. Again, 
in loose, unconsolidated sands, such as are found in the Gaddo 
field in Louisiana, in California, and in the famous Glenn pool 
in Oklahoma, if a well stops pumping for a day, the surrounding 
wells extend their own channels, breaking down the drainage 
system of the first well, to the extent that it is often difficult to 
again recover oil from the well that has stopped pumping. As a 
result, the wells in the Glenn pool are pumped 24 hr. a day, 366 
days in a year. The condition of the sand in the Glenn pool 
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was brought about somewhat artificially by the use of enormous 
quantities of nitroglycerin in shooting. The sand, origiQally 
coarse and porous, has probably been shattered throughout the 
entire producing area. 

In certain lenticular formations, described by the <ul mao as 
"spotty," of two wells drilled only 150 ft. afiart, one has been a 
large producer and the other a dry bole. This discrepancy may 
be due to drainage conditions or may be caused by ao intervening 
hard spot in the oil sand. If it ia caused by drainage conditions, 
the stopping of the producing well would probably cause the 
other to produce. Again, wells 1,000 to 2,000 ft. apart are in 
places so closely connected underground that the muddy water 
used in drilling one well has been pumped out by another well a 
considerable distance away, not necessarily the well nearest to 
the one being drilled. This condition is common in the Caddo 
field in Louisiana, and in other fields producing from the un- 
consolidated gravels and sands of the Cretaceous and Tertiary 
formations. 

In a previous paragraph is mentioned a case in the Vinton pool 
in Louisiana, in which a well drilled near a good producer encoun- 
tered a loose, coarse pay sand. In the producer the sand was 
so loose that the rotary bit of its own weight immediately sank 
to the bottom. The second well struck sand, seemingly of the 
same nature, which immediately "packed," so that drilling was 
necessary to penetrate it. The second well never produced; 
moreover, the sand "packed" in the original well, which likewise 
ceased to produce. 

The Triumph pool in Pennsylvania was operated by means of 
gas pumps, so that there was a minus pressure of 10 to 12 oz. 
at each well.' It is possible that the Vinton pool, which is a small 
isolated pool in which all the wella drilled were producers at the 
time mentioned, was being operated under similar circumstances. 
There being no water to take the place of the oil extracted, when 
the second well was drilled, the sudden application of atmos- 
pheric pressure was sufficient to pack the sand and force the oil 
in the vicinity to other parts of the field where wells were being 
pumped. The oil is of a heavy asphalt base, with no gas content, 
and no water was encountered. 

■ J/F. Carll, "The Geology of the Oil and Gas Regions of Wftiren, Ven- 
ango, Clarion and Butler Countioa," Second Oeol. Survey PermtJ/bania, 9 
(1880), 260. 
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It is possible that the suddeD flooding of eome oil poob is oc- 
casioned by the drilling of a well info the water at a strategic 
point, thus putting an added prcBSure of 15 lb. per square inch be- 
hind the water, which perhaps lacked less than this amount of the 
force necessary to flood the oil-bearing district. Such a balance 
of forces would of course be rare and difficult to anticipate. Pos- 
sibly a series of water wells, drilled from time to time as the 
pressure in an oil pool diminished, might reduce the rapidity of 
the flooding and yet be the direct means of flooding the oil-pro- 
ducing wells. However, the writer knows of no instance where 
such a procedure would have been warranted in practice. 

Again, the production of wells in pools producing heavy oils 
with little or no gas pressure, such as some small pools situated 
on quaquaversal domes along the Gulf coastal plain, might 
be increased by drilling air holes on the outskirts of the pools, 
thereby creating a draft from these points to the wells located in 
the center of production. If this should be done in pools situated 
in flat-lying strata or on very slight dips, the use of the gas pump 
to aid small wells might be avoided in some instances, the at- 
mospheric pressure creating a flow of oil. This plan would at 
least be safer than an artificial flooding with water, if the under- 
ground conditions are practically unknown. 

DECREASE DUE TO POOR MANAGEMENT 

Many wells cease to produce at an economical rate because of 
poor management of the numerous mechanical details. Some 
of these are enumerated below, but it may be said that it is in 
the surface management of wells that greateJit improvement has 
taken place since the early days of petroleimi production. In 
fact, it is remarkable to consider the great variety of time- and 
labor-saving contrivances now in use, as against the great 
dearth of information regarding underground conditions. 

Neglected Casing.^ — -Casing corrodes more in some districts than 
in others. It is often allowed to deteiiorate without attention, 
until the result is the admission of water to the productive 
stratum from overlying formations or from the surface. This 
causo of decreasing production needs only the simple remedy 
of proper attention. 

Pumping Methods and Regulations. — In most fields where 
producing wells arc closely grouped, as many of them as possible 
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are pumped from a common power plant by "shackles" or 
"jerk lines." Some of the wells may be pumping from several 
different producii^ formations ai the same time. Especially 
in the high-grade oil fields each well requires different handling, 
and the rate and the length of time for pumping most effectively 
at one period of its life will not produce the best results at 
another. Although this variation is obviated to some extent 
by the use of "bleeders," "leaky valves," and other devices for 
automatically stopping the pumping of oil before the face of the 
Band is uncovered, yet such regulation is unsatisfactory and 
leaves much to be desired. "Pumping by heads" is a step io the 
right direction, in that it conserves the gas pressure in the pool 
for the continued expulsion of oil and also tends to keep back 
salt water imder pressure. However, under present practice 
it is impossible to judge the best possible time to pump and the 
proper height of oil column to leave in the well at all times. 
An automatic control, with valves set to start pumping upon 
the accumulation of a certain maximum pressure, and to stop 
pumping upon the exhaustion of the oil to a certain set depth, 
would add greatly to the production in many cases, and would 
eliminate the possible negligence and usual lack of knowledge of 
the average pumper. Several automatic control devices are 
said to be on the market, and one at least has been tested with 
success. The problem of applying them is solely mechanical, 
and there can be little question as to the advisability of the use 
of such devices at a great many wells. 

Incorrect pumping methods, by which a well is pumped too 
fast or too often or too deep, produce several bad results. The 
expansive force of the gas and its aid in the movement of the oil 
is lost by the gas being allowed to escape freely. Instead, only 
such an amount of gas as is associated with the head of oil 
pumped should be allowed to escape. 

The ideal cycle of production in a pumping well very closely 
approximates that of a well packed by the old seed-bag method, 
as follows (adapted from an unpublished manuscript by M. W. 
Quick) ; 

(n) Pressure is developed in the well sufficient to overcome the 
resistance of the column of liquid in the tubing, which is expelled 
naturally or pumped off, 

(6) The weight of petroleum in the well column overcome the 
rock pressure and a point of equilibrium is reached. The 
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excess of pressure of the ehut-in gas over that of the column of 
oil has oaly a slight retarding effect on the further expulsion of 
oil, as the shut-in pressure can never exceed the rock pressure. 

(c) The pump is started aud the "head" of oil above the top 
of the sand is pumped off and the shut-in gas is allowed to escape. 
Thus the only gas released is that originally in the head of oil, 
where it aids in expelling the oil, 

(d) The well is again shut in and again heads. Although 
such control is practically impossible where the pumping of a 
well is regulated by ordinary methods, yet an automatic device 
for such regulation would result in the maximum recovery of 
oil with the least possible loss of expulsive energy from the 
stratum. To duplicate this cycle, pumping methods must be 
controlled by intrastrata conditions in some automatic manner, 
otherwise wells will be pumped too frequently to insure the 
greatest production. The resistance of chilled oil may not 
be overcome between the pumping of accumulated heads of oil, 
and energies for the expulsion of sediments and waxy accumula- 
tioos may not be developed. 

Automatic devices are on the market; but owing to the inertia 
of the producer relative to trj-ing out such seemingly revolution- 
ary schemes, they have not been given a fair trial under the 
conditions to which they are adapted. A general recognition of 
the need of such automatic control for the pumping of oil wells, 
governed by the natural underground conditions at each well, 
would result in the perfecting of many details to adapt the 
devices to the varying needs of different fields. Thus the pro- 
duction of districts now being abandoned, with large quantities 
of oil still remaining in the rock, would be increased. The re- 
quirements of each well vary and the necessities of to-day will 
not apply to-morrow. Conservation of rock temperature to 
prevent chilled and "cut" oil, by the use of head pumping, 
bleeders, or leaky valves causing the flooding of the sand and 
reducing refrigeration of the gas by expansion, is necessary in the 
fields producing high-grade paraffin oil. It is not so necessary 
in the Mexican and other fields producing heavy oils that contain 
less spontaneously volatile hydrocarbons. Conditions of ac- 
cumulation are also verj- different in the Gulf Coast and Mexican 
fields. High-grade gaseous oil containing high percentage of 
paraffins, must, of course, be handled dififcrently from the heavy 
oil of the fields last mentioned. 
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The flowing of wells by compressed air is falling into disuse in 
the Eastern and Mid-Continent fields, as it has a tendency to cut 
the casing of the tubing. Flowing is not economical for small 
wells, there not being a sufficient head of oil agunst which the 
air may act. The effect in practice is to increase vaporization 
and the formation of waxy sediments and to clog the face of the 
sand. 

Air-lift pumping has been tried with the same effects as regards 
increasing the chilling of the oil and the formation of paraffin. 
These methods are both more applicable to heavy oil of an 
asphalt base. 

Construction of Wells. — Increased production may sometimes 
be obtained by using lai^ casing. This makes possible the use 
of large strainers where desirable, and the use of an inside per- 
forated casing or liner where the formation is inclined to cave 
and cause the casing to collapse; in fact, the large-sized holes 
make the future handling of the well, or future deeper drilling, 
an easier problem. It may be said that wells that might flow 
naturally with a small-sized casing would cease to do so through 
a large hole. This difficulty is sometimes overcome by using a 
reducer on the bottom of the lowest string of casing, the well 
flowing through a 2-in. tubing for a long period after it has ceased 
to flow with only the 5^6-in- casing in the hole. The hu^er hole 
has a tendency to drain the territory more quickly, and conse- 
quently the well will very probably be shorter hved than if the 
hole were smaller in diameter. Also, the larger hole probably 
results more frequently in chilled oil, caused by the greater sur- 
face from which volatilization occurs. Enough information has 
not been gathered to give definite figures as to this. 

Tapping all Overlying "Pay" Strata. — In the early devdop- 
ment of new fields, in the hurry to tap the principal oil stratum 
in advance of rival operators, all overlying "pays" are neglected 
and usually are cased off, no record of them being kept by the 
driller, who is usually paid for drilling by the foot or by the well. 
In later years, when production has fallen off in the older sand, 
it often becomes desirable to tap the upper sands, but by that 
time it is frequently impossible to know how deep they lie. In 
drilling by the wet method in the early days, the water pressure 
prevented some minor oil "pays" from indicating their presence. 
These have since been developed and some of them have proved 
large producers. 
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Deep Drilling. — Improved methods of drilling, a better knowl- 
edge of the geology of oil and gas, and the rapidly increasing 
demand for petroleum, have recently resulted in a search for 
petroleum by deep drilling in many of the older fields, some of 
which are enjoying a new lease of life— notably parts of the 
Clinton sand fields of eastern Ohio, the St. Mary's pool in West 
Virginia, and some of the Pennsylvania fields. It is considered 
' not improbable that the Mid-Continent fields have a deep-sand 
future. 

Spacing Wells. — In spacing wells, the utilization of the move- 
ment of the oil in a pool and the thorough draining of the maxi- 
mum amount of territory with the minimum number of wcUa, are 
the two main considerations. As regards the first, as has been 
mentioned, the wells should be spaced closer together across the 
dip of the formations than down the dip, or in the direction in 
which the oil is draining. In any given field advantage should 
be taken of all available data bearing on the effects of wells on 
each other at different distances and in different directions. 
Hager' gives an interesting method for obtaining data regarding 
the proper number of wells necessary to drain a certain given 
territory, in the California fields, as follows: 

The property, 640 acres, is underlaid by three sands. The 
table below shows the known and the computed information 
prepared from a study of a large number of wells. 
Tabu: XXXVllI. 



*^^U.„ 


TUokDWI of UDd< 




'^„?^„s'fv^rii.^''' 


Acres 
200 
200 
240 


Feet 

ns 

66 
40 


91,000 
13,000 
3,000 



41,600 


Ban-eb 

fl.000,000 . 

6,600,000 

4,400,000 


MO 


20,000,000 



Columnsl, 4, and 5 are taken from Table XXXVIII. and corre- 
spond to columns 1. 2, and 4, respectively (which are of impor- 
tance in reaching a conclusion as to the number of wells needed). 
Columns 2 and 3 in Table XXXIX. are derived from data collected 



' DoRBBT Haogk, "Geological Factors u 
lOS (1911), 739. 
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from a study of a large number of wells. Coluout 4 is obtained 
by dividing the figures in column 5 by those in columD2. Column 
7 is obtained by dividing the figures in column 4 by those in 
column 6. These results are purely assumptive, and should in 
no way be considered as of value except for the purpose of 
illustration. 

Tablb XXXIX. 



ThlekDM 


Produotion 

per tbiikiHH 

3 


3 


Number 




e 


Acn* 

7 


Feet 

■ 95 

65 

40 


Barrels 
180,000 
120,000 
80,000 


Years 
9 

7 
5 


200 

200 
240 

640 


9,000,000 
6,600,000 
4,400,000 


50 
65 
55 

160 


4.0 

3.6 
4.4 




20,000,000 


4.01 



As Hager states: 

"Every operator desires some idea of the amount of oil he may reason- 
ably expect from a property. Estimates of this kind are only approxi- 
mate and are useful guides to conservative men." 

The above method should be used with care and in connectioa 
with all data obtainable as to the location of the property in re- 
lation to the rest of the pool; and in estimating the theoretical 
quantity of oil available from the thickness of the sand, good 
judgment based on accurate data is necessary to determine the 
true thickness of the sand as shown by the drillers' logs. In some 
pools only a part of the porous stratum la saturated with oil, or 
other prevailing conditions make calculation of the oil content 
on this basis incorrect. The method could, of course, be used only 
in territory already proved. 

CLEARING WELLS 

With regard to cleaning wells, Koswell H. Johnson, of the 
University of Pittsburgh, makes the following statement regard- 
ing the Mid-Continent fields: 

I find that there ore operators who never clean their wells, those who 
do so only oa a last resort when the weU is near abandonment, and 

' Average. 
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others who do so periodically. I should say that on an average wells 
are not cleaned oftener than once in three years. The eonsideratioo of 
this matter is important, because the practice is so variable and the 
work is so expensive. My own views are as follows: 

METHODS OF CLEANING UNBER DIFFERENT CONDiriOKS 

Where Water is nol Found in the Sand.— In case the sand does not 
carry water, a pocket at least 10 ft.' deep should be drilled below the 
sand. Besides the possibility of revealing a second pay, the pocket 
provides a receptacle tor loose sand or cavinga without affecting the 
well. I would have the intake of the punap opposite the bottom of the 
pay and have a small air hole in the working barrel near its top at the 
top of the pay. The first cleaning immediately after the shot should 
be thorough and should empty the pocket. Such a well, by sanding its 
pump cups, will automatically show when cleanmg is needed. When 
the pump is pulled for renewing the cups, the depth of the well should 
be measured with a tape to see how much the pocket has filled. If 
the filling is more than 2 ft. above the bottom of the pay, it probably 
will be practicable to clean the pocket; if the filling is less, the working 
barrel can be set higher until the cups have to be replaced again. Of 
course, with oil selling at 60 cts., one would not be as intent on cleaning 
as with oil at J1.50, As soon as a well is in good shape, I think the der- 
rick should be removed and used elsewhere. Pulling is done with a 
pulling machine and cleaning with a drilling machine. I think the 
ehot should be placed at the bottom of the pay, so that the hole will 
extend still farther and, with the pocket, give space for a considerable 
accumulation of loose sand before the intake is reached. When the 
well becomes unremunerative a working barrel without the air hole 
may be put in; then the well can probably be pumped a little while 
longer. 

Where there is Noncncroaching Water vnder Low Pressure in the 
Bottom of Ike Sand. — If there is water under low pressure in the bottom 
of, the sand, drilling should be continued until water is evident, and 
should not be stopped at the depth where water is expected. The pocket 
should be omitted and the well should be shot at a point only 1 ft. above 
the supposed line between the water and the oil. The first cleaning 
should be thorough. Effort should be made to have the well "make" 
considerable water with the oil, care being taken, of course, not to get 
ao much that a 24-hr. pumping through the 3-in. pipe will exhaust the 
water, if fuel is cheap. By taking this water, assurance ia had that no 
pay will be missed; also, the current of the water flowing to the hole 
helps to move in the oil. 

' In the Ontario peninsula potkels 50 to lOU ft. deep are drilled by the 
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Where there w NoTtencroaching Water under High Preamre. — In case 
there is nonencroachiag water under high pressure, care should be 
taken to stop wells a little short of the water. Th^ may be drilled 
deeper to the water when it is desired to clean them. In my opinion, 
many of our wells, deserted because drilled through oil into high-pressure 
water, could have been handled a year or two later when neighboring 
wells had reduced the pressure. 

Where there is Encroaching Water. — If there is encroaching water, 
wells must stop a. little short of the water; hence the shot should not 
extend to the bottom. 

GENERAL METHOD OF CLEAmnO 

The methods of cleaning in general use may be enumerated as follows : 

1. Removal of accumulated sand by tools and sand pump. 

2. Hot-billet treatment. Too uneconomic and inefficient. 

3. Gasoline treatment. I believe this method is very useful where 
the refinery owns the well and can thus recover the gasoline. 

4. Freshening the hole with a. small torpedo. This expedient is not 
necessary when the sand runs in freely. It is probably moat useful 
where some kinds of water are associated with the oil and make a deposit 
on the sand face. 

5. Electric heat. This seema very promising. 

In regard to freshening the hole with small shots, so<-ca11ed 
"squibbing," it may be said that the effect is probably to furnish 
the heat necessary to redissolve the accumulated waxy paraffins 
that clog the hole and to cause their expulsion by fresh oil. Even 
though it be conceded that close argillaceous and calcitic sand- 
stones saturated with petroleum require shattering, the conclusion 
does not follow that all sandstones should be treated with large 
quantities of high explosives, as shooting often produces a heat- 
ing rather than a shattering effect. In a hole full of water the 
liquid takes up the shock of the shot and prevents shattering, 
yet the shooting results in increased production by causing a 
fluxing of the waxy sediments. 

In other wells "pay" streaks are unknown, but shooting in 
later years may start them flowing, 

CONCLDSION 

The spacing of wells, the construction and management of 
wells, the encroachment of water, the conservation of gas, the 
cleaning and pumping of wells, are all subjects demanding the 
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closest attention and the moat detailed study at this time, fcv 
the reason that the life of the industry depends on the lessening 
of waste and the proper exploitation of our petroleum resources. 
Exact information regarding the yield of wells is meager and 
unclassified, so that the preparation of an account of the tech- 
nology of this important , branch involves not so much com- 
pilation of published data, but rather, io a large extent, the 
recordit:^ of results of extended inquiries in the field. The 
persons consulted frequently have no conception of the relation 
of the information they give to the problems under considera- 
tion. On the other hand, many producers and operators are 
improving theur methods as a result of experience, reaUzing that 
the problems in new fields or new pools cannot be handled by 
rule-of-thumb methods. Such methods, although excellent for 
the conditions under which they originated, cannot always be 
' applied to conditions in new fields and to drilhng and operating 
under unforeseen difficulties. 
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EFnCIENCY IN THE PRODUCTION OF PETROI^UM 

By Rosweli. H. Johhsom* 

The wisest management of our oil resources demands (1) 
the production of maximum amounts with a minimum sacrifice 
of human effort; and (2) the utilization of this product with the 
maximum satisfaction to ourselves. 

The discussion falls under two general heads, increased effi- 
ciency in production and in utilization. 

Efficient Production. — The present methods of producing oil 
leave very, much to be desired. We may reasonably hope, if 
proper research is given to the subject, that in the next decade 
such advance will be made as to secure the product with a de- 
cided reduction in drilling expense, and, what is more, to obtain 
a far higher percentage from the sands that are reached. Un- 
fortunately, current practice fails to make use of even those im- 
proved methods that have been already proposed or demonstrated, 

Leasing.— The method of leasing to-day is peculiarly wasteful, 
for the reason that the royalty to be paid to the land owner is a 
fixed percentage. It is perfectly obvious that aa the decline 
continues, the well must be abandoned when the producer's 
fraction of the production, for instance, seven-eighths, no longer 
exceeds the maintenance charge, although the well could still 
yield more than the maintenance charge, if this one-eighth was 
not deducted. Some kind of a sliding scale or graduation should 
therefore be adopted in order to reduce the rate as the well ages. 
This may be accomplished either by the block, period, uniform 
or class method. 

The block method calls for a fixed royalty rate on all oil 
produced up to a certain amount, after which a lower'rate would 
be charged. This method is objectionable since the rate is 
reduced without reference to the decline of the well. It fails 
to adjust the ability to pay to the amount of payment. 

■ Professor ot Oil and Gas Production in the University of Pittsburgh, and 
member of the firm of Johnbon and Hdntlet, Consulting Oil GeotogiatB, 
306 State Hall, PitUburgb, Pa. 
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In the period method, the royalty rate is changed by some 
definite amount when the well produces less than a specified 
quantity per day or other given unit of time. While simple in 
character, it operates badly because a great deal is made to depend 
upon a small reduction iu production, whereas the reduction, as 
a matter of fact, declines rather erratically, owing to the exi- 
gencies of lease management, connecting of tankage, and the 
vagaries of the gangers. 

These disadvantages are obviated by the uniformly degressive 
method. In this method, all the production less than a certain 
amount per week pays no royalty. The amount paid in royalty 
declines gradually, rather than suddenly, as in the period method. 

The fear has been expressed that if uniformly degressive 
royalties are adopted, too high a royalty would be charged in 
the early life of the well, which would have the effect of de- 
stroying the occasional high rewards essential to the producer 
to recoup him for the heavy expenses of the inevitable pro- 
portion of dry holes. Such a result would necessitate a great 
increase in the cost of oil to the consumer to produce higher 
profits on small wells, in order to stimulate the producer to 
continue his activities. Such a result would be a social loss; 
but the fear, in the author's opinion, is not justified, for the 
l.and owner would not ^et such high, early royalties without 
serious sacrifice in the bonus, which he would usually prefer 
not to make. 

Another advantage of the uniformly degressive royalty is to 
prevent the excessive flat royalties now frequently offered for 
promising land, such as the 50 per cent, on the Cimarron River 
bottoms and the 25 per cent, that we occasionally hear of in other 
fields. These royalties always lead in a few years to unpleasant 
threatening and bargaining between land owner and lessee, 
resulting in successive agreements to reduce the royalty rate. 
This awkward process, it is true, does accomplish a gradual re- 
duction of the royalty rate. But the asperities of such negotia- 
tions are very annoying and sometimes lead to premature 
abandonment of the well, with a consequent serious offense 
against wise conservation. The uniformly degressive royalty, 
while avoiding the difficulties just referred to, still retains a 
flexibility, by virtue of which the producer, who desires to, may 
increase the royalty rate when the well can stand it, in this simple 
way transferring some of the speculative profits to the land 
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owner in lieu of bonus, Thia bonus the producer may not I 
able to pay, or the land owner may prefer not to accept. 

The uniformly degresaive royalty lengthens the life of the well 
and increases the percentage of the oil which is recovered. If 
the royalty is one-sixth and the maintenance and interest on 
the "junk" is 83K cts. per day, then a well must be abandoned 
when its net income to the producer declines to that amount. 
Yet the gross income is still $1 per day; and if the decline of the 
well is one-sixth in a year (a common decline in old wells in 
Oklahoma) , it might continue to produce for a year longer, except 
for the prohibitive royalty. Thus, 300 bbl. per well might easily 
be saved by a mere royalty adjustment. The Osage Nation is 
leased at one-sixth, so that all its wells will be abandoned pro- 
portionately earlier, and a most serious loss result. To retain 
this high fixed royalty is one of the most serious offenses against 
the eonservation of petroleum, 

A fourth method of using a sliding rate is the class method. 
Here the wells are classified at the beginning and a difi'erent 
rate used with each class. The classification is based upon the 
ratio of the value of the product to the cost of production. 
Normally some one variable factor in either of the items above 
would be the basis of the sliding. The one which will be most 
used and which the author recommends is the depth of the well. 

To charge the same royalty rate for wells of 600 ft. as for those 
of 3,000 ft., has the effect of promoting " post-hole" drilling, as 
we call holes of inadequate depth. Such a wide distribution of 
shallow dry boles, where the untouched underlying strata are 
worthy of test, results not only in a direct waste, because the 
area must later be redrilled, but also in an indirect waste, be- 
cause later operators, being in doubt as to the depth of the older 
holes, are afraid to risk drilling in territory thus improperly 
condemned. The classes should be few, and all wells in one pool 
should be in one or another of the classes. 

For instance, if the one-sixth royalty charged in the eastern 
Osage Nation is extended to the western Osage, then the deeper 
sands of the western Osage would not be as systematically or 
economically prospected, as would be the case if the royalty was 
graded by depth of well. The author suggests one-sixth for 
oil in pools averaging less than 2,000 ft. deep, one-eighth from 
2,000 to 3,000, and one-tenth below 3,000, for the present leasea;^ 
with their partly developed production. 
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Let it be remembered that the Mississippi lime (Boone chert) 
lies deeper than 3,000 ft. in much of the western Osage and that 
no teat is thorough unless the drilling is continued until that 
formation is reached, when the upper horizons prove barren. Let 
no one suppose that because the Gushing and Boston pools have 
been great producers, all the deep pools of the Osage will be of 
that kind. West Virginia has plenty of deep small producers, and 
so has the Bartlesville sand. The system above outlined would 
encourage more thorough prospecting. 

The objection that one-tenth and one-sixth are too great a 
difference will arise in the minds of those who think only of success- 
ful wells. It seems none too great when one remembers the 
amount of futile drilling which must be paid for by proceeds 
from wells that are successful. 

The following are the requirements of a proper system of 
royalties : 

1. It must be simple, so that it can be readily understood. 

2. It must not be expensive or difficult to calculate. 

It follows from these two considerations that it should have 
but few rates. 

3. It must avoid uncertainties as to the time or point of chang- 
ing rates. 

4. Most important, it should permit the well to be pumped 
until its gross income has fallen to its maintenance cost. 

To accomplish this last, the author suggests an exemption from 
royalty on the oil equal to the maintenance and interest on the 
junk. The slight loss to the land owner will be met ordinarily 
in the bonus, but sometimes by a higher royalty. For practical 
reasons the amount that should be exempted, instead of being 
exactly equal to the maintenance and interest on the junk, 
would be an approximate integral number of barrels, ordi- 
narily one. When several wells discharge into one field tank, 
they may be averaged. 

6. It should not encourage post-hole drilling, as opposed to 
thorough prospecting. 

6. It should bear some relation to the cost of production. 

For these two reasons we should, in addition, classify the 
royalty according to depth. 

The objection which might be raised that the land owner would 
in some cases receive nothing for the use of the land during the 
last months of the history of the well, is met by the fact that he 
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has received advance payment for such use either in bonus or in 
large royalty during the early history of the well. 

The application of the proposed method is shown in Fig. 145. 
In this case, with a decline of 15 per cent, and a royalty of one- 
eighth, which are not unusual, the life of the well was prolonged 
9.6 months. 
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Fio. 145. — To ahow that a fixed exemption from roy&lty prolongs the 
life of a well. Price of oil, SLS9. Maintenance, $0.70 per well per day. 
Excmptiou from royalty of $0.70 worth of oil per day. 

A--A', Inooms [rom well; B-B'. munteunce ind roydty without eiemptioD; C-C. 

E-E'. time of atttDilDDmeDt with eicmptiob; jy~k', the proloucBtion of wuldDc life of nil.' 
9.V montb*. 

Well Records. — The need of more accurate logs of wells has 
been reiterated by nearly every student of this subject. Indeed, 
inaccurate and inadequate logs, it must be said, are to be attributed 
much more to careless, indifferent and ignorant contractors and 
drillers than to any lack of appreciation of the part of superin- 
tendents and managers. However, the requisites of a good log 
include more than is usually appreciated, and, as time goes on, 
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more and more complete logs are sure to be demanded. A log 
should give an accurate steel tape-line measurement to the 
top, at least, of the most widely used key horizon m the field, and , 
on the top of each producing sand. In addition, it should give 
the top of the water, if there is any, the bottom of the sand, and 
the Ijottom of the well. Other desirable items are a shallow 
reference horizon, a reference horizon as near as possible to the 
sand, and every sand yielding oil, gas, or water, and other lime- 
stones or red beds, unless very numerous, for the purpose of 
correlating the sands. These latter figures may be obtained by 
strings on the sand line, a method less accurate than the tape 
line, but so much cheaper as to be permissible for the less vital 
parts of the log. An improvement, within feasible limits, in 
logs alone would probably save us 5 per cent, of our dry holes. 

Method of Locatiog. — AH too many oil producers have settled 
down into a fatalistic habit of thinking that the success of tests 
is so imcertain that no care or skill is required in their location. 
This is a very costly blunder. While all experienced persons 
know full well the uncertainties of drilling, the demonstrable 
success of improved methods in locating wells is so manifest 
that a neglect of geological considerations bespeaks incompetence. 
No extended description is here possible, but the following brief 
outline may arouse interest for further study of these methods. 

In locating test wells the age of the rocks should be favorable. 
Commercial gas has been produced as low as the Potsdam forma- 
tion in the Cambrian period, and oil as low as the Trenton forma- 
tion in the Ordovician period. There arc no good theoretical 
reasons why both should not be found in commereial quantities 
lower in the Cambrian. Prospecting in the Pre-Cambrian is 
not to be encouraged, though occasionally, when the Pre-Cam- 
brian is in some particular relation with other formations, it 
has derived oil or gas from thom. It must be said that in America, 
however, the producer finds much more encouragement in the 
formations from Ordovician to Upper Pennsylvanian, and again 
from Upper Cretaceous through the Tertiary (Fig, 146). 

The nature of the be3s is of vastly more importance than their 
age. Ideal conditions are furnished by extensive dolomitization 
of limestone or beds of porous sandstone, 5 to 100 ft. in thickness, 
lying within shales twice or more as thick again. The shales 
should be gray, black, brown or greenish in color. White, yellow, 
red and purple shales are unpromising. Outcrops bearing 
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asphalt or ozokerite (mineral wax) are indicative of the preseDce 
of petroliferous beds, but by no means are infallibly safe indica- 
tions of commercial deposits. Nor, on the other hand, does the 
lack of such evidence condemn a uegion. When drilling is not 
upon the crest of an anticline, dips of less than 5 per cent, are 
to be preferred, but are not necessary (Fig, 147). 

The expected sandstones should be at a suitable depth at the 
selected point. An adequate cover wthout too much faulting is 
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Fia. 148. — Stratigraphical dUtributioa of petroleum production to 1913. 

Tertutry 1,935,763.780 bbl. CoLIornu. GuU Cout; fordcD «o«pt Cutadk. 

Upper CretuDoiu '" "*■ ""' '-^' '■ - — '■- ■"— '- " " -^ >"— 



.2,548.025 bbL Mnric 



MiHiaippian 

Upper DevDaiaa 
Dsvoniau 



14,000.053 bl.t. Can 



to be desired. This requires a greater thickness in the case of 
gaa where high pressures are desirable, than with oil. Yet it is 
rarely wise to go to the very considerable expense of deep drill- 
ing when the expected sand lies below 3,600 ft. However, other 
exceptionally favorable circumstances might make it worth 
while, such as very promising geological conditions, high price 
of oil, or very large mounts of land owned or leased by the 
company. 
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Tests in new territory are best located at the highest points of 
well-marked domes. In the event of the dome being unsym- 
metrical in its dips, the well should be drilled a certain distance 
toward the lesser dips from the center, since the dome in the sand 
may not lie directly under the dome on the surface. This dis- 
tance should be carefully computed according to Holland's 
method.^ And next, where domes are not available, anticlines 
with level axes are to be preferred. Anticlines that plunge 
become proportionately less valuable. 

When oil or gas has been discovered in one well, skill is nec- 
essary to locate adjacent wells, and also to choose and secure 
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leases wisely, in order that there may be a minimum of dry holes 
and worthless leases. The producer may proceed according to 
several methods. 

1. Method of Strike.-^ln this method new locations are made 
away from the discovery well in the two directions of the strike, 
that is, in such a direction that the sand is found at the cor- 
responding level. This can be ascertained by learning the lay 
of the beds at the surface. From this data a map of some upper 
formation is prepared and, when enough holes have been drilled, 
the convergence or lack of parallelness between this upper bed 
and this sand can be mapped and allowed for. Then a map of 

' /. Inel. Pet. Tech., 1, 15, 
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the particular oil-sand can be made. I. C. White* has been 
particularly instrumental in advandi^ this method. 

2. Method of Dip, — ^In the event that a well has oil only in the 
lower part of the sand and gas in the top, when oil is sought for, 
the next well should be drilled down the dip, in order to reach the 
sand where the oil occupies a relatively greater thickness in the 
sand. Conversely, where the oil is found only in a few feet of 
the top of the sand and is underlain by water, the next well 
should be up the dip. 

3. M^hod of Streak. — The oil reservoirs have ndther uniform 
thickness nor great extent from side to side, except in rare 
instances. More frequently than not, the oil-sand extends farther 
in one direction than at right angles, making what is known to 




Fia. 148. — The direction of the long^ria in the same poola, showii^ the 
ori)^n of the common belief of N. 45' £1. as the prevailing direction in this 
region and yet how variable it is. 

the producer as a streak. In any one particular horizon, these 
streaks, though variable, generally have a prevailing direction. 
A comparison of near-by streaks in the same sand, or, if these are 
lacking, of other sands iu the same field, offers some guidance. 
The producer should be alert to detect the thinning of the bed 
or reduced porosity in the several directions in order that the 
streak direction may be inferred as early aa possible. 

The method of streak is also valuable in connecting up two 
groups of wells, each centered around a successful test, but 
both in one streak. This possibility should always be kept in 
mind when the two groups are not separated by a distance 
exceeding the reasonable and common area of the reservoirs in 

' W.Va. Geol. Survey, la. 
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that sand. This is the more probable when the producing sand 
is at a corresponding depth below a reference horizon, and when 
the gas, oil, and water of the two groups are of similar quaUty. 

The prevailing direction of the long axis of these sand bodies 
(or of the pool axes, if the data are not adequate for recognizing 
the former) is most easily expressed by means of polar coordinate 
paper, as in Fig. 148. The relative importance of streak and 
strike in determining the long axis of any field is well represented, 
after the strike has been determined, by plotting the angle, which 
the long axis of the pool makes with the strike, as in Fig. 149. 

4, Method of Inferred Shore Line. — In fields where develop- 
ment has not gone far enough to determine the prevailing direc- 
tion of the streak directly, an inference of some value may be 




based upon the probable shore line at the time of deposition. 
This requires the broad knowledge and experience of a geologist, 
who, in brief, would base his conclusions on the following prin- 
ciples. In general, the shore line lies at right angles to the 
direction of deepest water on the one hand, and of the dry land 
on the other. The direction of deepest water is indicated by in- 
creased thickness of purity of the limestones and the increased 
fineness of the material. The direction toward the continent 
ia shown by increased coarseness of the material and the greater 
time interval represented by the unconformities. The present 
distribution of outcrops of different ages can also be used, but 
with great care, since subsequent movement and erosion of the 
beds introduce many complications. 
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5. Method of Proximity. — ^The rule of drilling next to good wells 
doubtless seems too axiomatic to be dignified as a method. Yet 
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one of the most important decisions a producer must make is that 
of leasing nearer to or farther from a discovery well of established 
production at correspondin^y 
graded prices. It is therefore im- 
perative that he estimate the rela- 
tive values of different degrees of 
proximity. To do this, we take 
statistics of the dimensions of the 
known pools in that sand or in 
sands that seem most comparable. 
These should be plotted in a cumu- 
lative curve of frequency, sepa- 
rately as to the long axis (Fig. 150), 
short axis (Fig. 151), and for both 
axes of the [>ools (Fig. 152). From 
such curves the relative chance 
of a pool being of any particular 

F.O. l"51.-The perce'ntage of ^'^® ""^^ ^ ^'^^ ^" *''»^' 
the number of the same pools as after some allowance is made for 

w TndiSS' \^\i^°St. "■« i™"™' "' "^t '""J "i^' ""e 
Studied. value of the discovery well is com- 

puted, a proper price for leases at 
given distances from the discovery well can then be decided 
upon. 
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6, Method of Pressure Decline. — An unusual persistence of 
pressure after prolonged flow is of the highest value as indicating 
an undrilled extension of the reservoir. 

7. Method of Chemical Arudysta. — ^When the gas from a gas 
pool is relatively dry and Ught, considering its pressure, we may 
infer that that reservoir contains no oil, and save ourselves the 
expense of drilling further down the dip, so far as that sand is 
concerned. If, on the contrary, the gas is relatively heavy and 
oily in odor considering its pressure, we have strong indications, 
unless the sand is of extremely fine porosity, that prospecting 
down the dip does offer encouragement. It should be remem- 
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Fia. 152. — The perceat^e of the number of the same pools having an 
average diameter as great or greater than the diatances indicated in the aiea 

studied. 

bered that the very same pool will have its gas dryer and lighter 
in its earlier period when its pressure is high, than later when 
this is reduced. But when the gas is intermediate in quality, 
rather than markedly light or heavy, then a chemical analysis 
or compression test should be made. The results would guide 
the producer's further operations and also determine whether a 
gasoline extraction plant is advisable.* 

The analysis of oil may be of use in making locations in the 
following circumstances: (1) To find if two pools some distance 
apart may be in the same sand, as, in that event, there would be 
a stronger chance of production in that sand in the intermediate 
territory. (2) To determine whether a given sand is the same 
as an outcropping sand showing oil, asphalt or ozokerite. (3) A 

> See p. 437. 
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very heavy oil at a considerable depth causes a suspicion of 
a near-by fault or outcrop, whereas oil of extraordinary light- 
ness has probably moved a long distance and has been subject 
to considerable fractional filtration. It is, therefore, lees likely 
to be a successful commercial proposition, as in the recent strikeat 
Calgary, Alberta. On the other hand, it is an indication of the 
general petroliferous character of the strata. 

In the case of salt water, an analysis is also of value. The 
nature of the salts it contains assists in the correlation or non- 
correlation of the two sands in question. It may also help to 
determine whether the water pumped with the oil comes from the 
producing or some upper sand. But most important of all is the 
fact that methane and the next three members of the paraffifl 
series are soluble in water to an extent of about 3 per cent., which 
varies, of course, with temperature and pressure. We may then 
analyze the water for a particular sand, and deduce from the 
'content of methane and ethane the presence or absence of natural 
gas in the same sand farther up the dip. Andif theanalysisshows 
propane and butane, we should expect oil also in the same 
reservoir farther up the dip. If a test hole on the side of an 
untested anticline encounters water, we may by this method 
determine whether another test up the dip will be worth while. 

Producers might wisely urge the Government to make a large 
number of comparative analyses to be used as standards of com- 
parison, and further, that the various, possible analytic methods 
be compared with respect to their economy and efficiency for this 
class of work. In the meantime, however, we may employ current 
methods. Several companies are constantly making gas analyses, 
for the purpose of ascertaining whether the quality of the gas 
warrants the installation of a gasoline extraction plant. The 
method of sampling is of supreme importance in either case and 
should be done according to explicit directions. 

8. Geothermic Method. — Hofer believes, and presents some evi- 
dence to substantiate his theory, that the increase of heat with 
depth is greater over oil deposits. The Carnegie Geophysical 
Laboratory is investigating along this line. But it must be said 
that the outlook for a successful use of this method is not very 
promising. It is difficult to see any connection between the 
isogcotherms and the presence of oil. It would appear theo- 
retically reasonable to look for the association of gas with regions 
where the isogeotherms lie higher, since the greater heat may, as 
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indicated by the work of David White, have produced more 
gas. But nothing can be done in a practical way until the whole 
subject has been very much more thoroughly reported upon. 

Spacing of WeUs. — In the Oklahoma field half a million dollars 
ha-s l«en spent on unnecessary wells in 2 square miles. Nearly 
any field shows moat extraordinary waste from too close spacing. 
A marked contrast, as regards closeness of wells, may be observed 
where one company owns a very large tract and a group of small, 
competing leases hold adjoining properties. No general rule 
can be given as to the proper distance between either oil or gas 
wells. For each sand, the producers must watch closely the 
result of wells drilled later among the older wells. Since it is the 
common practice to lease in blocks or multiples of blocks of 10 
acres, which equal 660 ft. square, it is wise to put oil wells at 
this distance of 660 ft. from each other, if this is approximately 
the distance that would have been selected for other reasons. 
There is a growing tendency to approach this distance among 
Mid-Continent and Illinois producers at the present time. In 
California, they still drill much closer than that ordinarily, 
because of the large size of the wells. And in the .\ppalachian 
field the leases are so irregular in shape that there is less incentive 
to conform to any particular distance. 

Gas wells should be spaced at much greater distances, 1,320 ft. 
being sufficiently close. 

"When wells for either oil or gas are drilled on a very large tract 
of land, BO that the offsetting of neighbors' wells is not a considera- 
tion, there is a more economical arrangement than the old one of 
locating the wells in straight fines crossing each other at right 
angles. By a staggered, or quincunx, arrangement, all of the 
given area may be brought within closer range of some one well, 
as is demonstrated by Fig. 153. This diagram also shows a 
common error when staggering is attempted. The distance 
between the rows should be shortened, so that the distance from a 
second row well to each adjoining first row well is the same as its 
distance to its ncighlmring second row well. Unfortunately, 
the staggered arrangement is seldom feasible on small leases 
held by competing producers. 

On these small leases there is generally a well located in each 
corner. Between these corner wells, other wells are distributed 
at a distance from the property fine equal to the distance at which 
the neighbor's wells stand back from the line. However, it is 



n 



WoVT^^ 



424 



THE AMERICAN PETROLEUM INDUSTRY 



by no means advisable to put in as many wells between the comers 
as the neighbor does. Very frequently a conference between 
two neighboring producers will lead to an agreement for' each 
to omit a side welt; for example, to omit a well between the 
two that may be already producing at the two ends of a lease 
1,320 ft. long. Whereas, without such an agreement, one of the 
producers might drill in between, which would nearly always lead 
his neighbor to meet him with an offset, though it would be to the 
ultimate interest of both not to drill these accessory wells. The 
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Fia. 153. — To show rectangular vi. staggered arrangement of wells.^ The 
area in the Bmall square is farther from the welU toan any point in the 

staggered arrangement. 

same situation arises inevitably on all sides of a lease. A pro- 
ducer should always seek to enter into an agreement with each one 
of his neighbors, to the end that their wells may be as nearly 
330 ft. back from the line and as nearly 660 ft. apart along their 
lines as each will consent to; this is, of course, if 660 ft. has 
been decided upon as the best distance for that particular sand 
and depth. 

Table XL. — Loss by Omission op Offsettinq Well 
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Table XL. gives the territory lost if one does not offset in the 
most familiar situations that arise. 

The method of ascertaining the lost area is to draw lines on the 
map, each midway between a line well and each of its two opposing 
Une wells, if one is not exactly opposite. This is done by draw- 
ing circles, with each well in question as a center, and joining the 
points of intersection with a hne. These Unes then make 
triangles, with the lease boundary showing areas lost or gained. 

The area of the lost territory thus outhned must now be com- 
puted as well as any territory which may be gained from the 
neighbor. This raay be done by making this construction on cross- 
section paper, counting the number of squares or fractions of 
squares included in the area. ' A more exact method ia to com- 
pute the area of the triangle by the usual formula of the base 
times one-half the altitude. In the event that the area is poly- 
gonal instead of triangular, it ia divided into triangles and the 
area of each computed and added together. 

In unusually shaped leases, it is well to plan several methods of 
placing wells. If the cost of wells, the price of oil, and the royalty 
are fairly constant, it is quite possible to construct tables show- 
ing how much production to the acre the lease must have to 
warrant the drilling of a particular extra well. The tremendous 
loss occasioned by the cutting up of an oil or gas pool into many 
small holdings will be discussed later under the head of large 
versus small companies. 

In Selds where the dip is high and the sand coarse, such as is 
likely to be the case in some of the new fields to be developed in 
Alberta, it is better to have wells drilled closer along a lease boun- 
dary, paralleling the strike and less close to one paralleling the 
dip, as the interference of well with well is much less in the 
former case. 

Depths to Which Wells should be Drilled.— This is an ex- 
tremely important consideration, second only in importance to 
the selection of the location. And as regards depth, as in the 
case of locations, geological knowledge and skill are necessary. 
Quite commonly the tradition i& established in a field that it does 
not pay to drill below a certain "farewell sand." In some 
instances this decision has been a wise one, but all too frequently 
it has been the result of ignorance of the formations below, and 
has resulted in the premature abandoning of thousands of 
wells. Before any test is drilled, the producer should investigate 
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the formations he is likely to meet, so ae to have some idea of the 
depth. This advance knowledge is also useful to him in drawing 
up the drilling contract, and in deciding: on the method of drill- 
ing and the size of the hole, A good ilhistration of the losses 
occasioned by loose work in this matter is that of the Cherokee 
Nation, where most of the early wells were stopped at the 
Bartlesville sand. Whereas, only 150 ft. deeper, more or less, 
depending upon the location, there is another sand distinctly 
worth while, and to which new tests now extend, and to which old 
wells, about to be abandoned, are being deepened. Another 
illustration, also in Oklahoma, is offered by the region from 
Owasso, to the Arkansas River, where it is quite probable that 
some producers have stopped wells at the Pitkin limestone, mis- 
taking it for tlie Boone chert (Mississippi lime) , which is not very 
much deeper and is yet worth drilUng to. The Bridgeport, 
Illinois, pool is another instance where the early unsuccessful 
tests were almost all discontinued at too shallow a depth, often 
causing the surrender of leases that have since become productive. 
The most frequent cause of too shallow drilhng is the indiffer- 
ence paid to the dip by drillers or producers who have come from 
older fields, where the dip is so slight as to be ignored by them. 
A well was unwittingly started at Boulder, Colorado, that could 
not have reached the producing sand till a depth had been 
reached more than twice that of the producing wells of the North 
Boulder pool. In most fields the geologist can predict the age ■ 
and general nature of the strata to depths exceeding that feasible 
for driUing. 

One should generally take care to drill through the whole of 
the oil-sand, for occasionally the shale which seems to underlie 
the sand may in reality be merely a break of a few feet of shale 
with additional pay beneath. Even though a lower pay is not 
obtained, this pocket is often valuable to receive sand and 
mud, which otherwise would accumulate in the hole and reach 
up to the level of the perforations and interfere with the pump- 
ing later. 

However, in the event that the oil is found under very high 
pressure, the driller needs to be particularly careful in penetrate 
ing the sand, inasmuch as any underlying water will rush in the 
hole more readily than the oil and in some instances drown it out. 
In these cases of high pressure, it is best to let the well flow until 
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the pressure is reduced when deepening can more safely be 
continued. 

But where the contents of the pool are not under high presi^ure, 
because relieved by neighboring wells, there need be no such 
fear of water. It is desirable to drill through into the water 
sand, where the sand has a high porosity, since such a well, while 
pumping some water, also pumps an increased amount of oil. 
This happens because the removal of this water leaves a funnel- 
shaped depression in the top of the water sand and in the bottom 
of the oil-sand, which induces a more ready flow of oil into the 
hole, both by means of the gradient established and by contact 
of the oil with the less viscous and more easily flowing water. 
This method of purposeful deepening of oil wells into the water 
sands is patented in the United States,' but not in Canada. 

Neglect of Shallow Sands. — We have in the history of many 
fields a later development of a shallow sand that was passed 
through by early operators, being considered too insignificaiit 
for production, or because gas only was sought at the time. 
There have been many instances in Oklahoma where oil has 
oozed slowly from some shallow sand around the casing to the 
surface. Such a sand has, in nearly every instance, later proved 
worth while when properly shot. It ia remarkable how shooting 
has made sands productive, which at first seemed disappointing. 

Unless absolutely necessary, the operator should avoid drilling 
test holes by the rotary method, as in that case he gets poorer 
logs, and may pass through a very fair oil-sand without detect- 
ing it, because of the weight of the considerable quantity of 
mud and water which holds back the oil and gas. 

Pumping. — The best results in pumping, after the pressure 
has declined, is obtained by frequent, intermittent pumping 
rather than by prolonged, occasional pumping. In wells of 
reduced pressure and very porous sand, one of the principal 
factors in bringing the oil into the hole is gravitational seepage, 
and, of course, this cannot be effective when the oil stands high 
in the hole. Devices for automatic pumping, controlled by the 
accumulation of the fluid, have not as yet been successful. An 
automatic periodic, mechanical, turning on and shutting off of 
power would be quite feasible, if the pumping were by electricity 
or compressed air, steam or gas engine powers, equipped with 
self-startera. Producers should appreciate the great economy of 

> United States Patent 103301S. 
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pumping several wells by one power. All too frequently the 
inBtallation of multiple powers is too long delayed. We can 
anticipate, with the improvements time will bring, improved 
powers that will not only pump a larger number of wells, but 
will also pump from greater depths. 

More Efficient "Extraction." — It is customary at the present 
time to continue pumping in the usual way, till the receipts have 
fallen below the maintenance charges. Then the well is aban- 
doned without any additional efforts to get the last of the oil. 
If we calculate the amount of oil per acre from the porosity of 
the sand, we find that the amount actually "extracted" is con- 
siderably less than 50 per cent, in the case of firm sandstones, 
and even in the loosest sands is seldom more than this. In the 
aggregate this loss is staggering. The time has come when we 
should make a determined effort to obtain the " unextrncted " oil. 

The first step in this direction is doubtless a more careful con- 
servation of well pressure, aa it is this which is especially effective 
in driving the oil to the hole. To this end, it is advisable to equip 
all drilling holes where high pressure is expected with control 
casing heads. By this means a sudden strike of oil or a pro- 
longed flow after a shot may be piped into the tank, without that 
occasionally long and useless gushing over the derrick. 

The method of handling new wells is greatly affected by the 
rate at which the neighboring wells are calling upon the pressure 
and dissipating it. The following procedure would require 
modification if the neighboring wells were dissipating pressure 
faster than is here assumed. 

It is desirable to tube a flowing well early with the perforations 
Bet low in the sand, for this does not seriously reduce the pro- 
duction, and it has the merit of keeping the pressure of the gas 
in the upper part of the sand in place, where it is valuable for its 
power of expulsion. But there is a small hole in the working 
barrel at the top of the sand to keep the top of the oil high 
and so not expose the sand face as long as the pressure is such 
that the oil is forced into the hole up to a point far above the 
top of the sand. From the gas trap the line should go to a 
covered tank. This, if other circumstances, such as aridity, favor 
its use, should be of iron instead of wood, for the greater tight- 
ness. The vapor from the top of such tanks, as well as that from 
the gas trap, should be piped to a gasoline extraction plant. 

Miles W. Quick contends that the casing bead should be 
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periodically closed and opened at this stage, so as to save pres- 
sure and yet obtain a pressure gradient forcing oil info the hole, 
and at the same time to warm the sand face so aa to prevent the 
clogging effect of refrigeration, caused by the expansion of the 
oil and gas as it enters the hole. Care should be taken not to 
piiiiip after the oil has been pumped out down to the perforations. 
When production has greatly dwindled, and the pressure is 
found to be low, the regular perforations should be a little below 
the bottom of the sand, and the working barrel should have no 
perforation. But if there is water, then the perforations 
should be placed only partly below the level of the water. From 
this time on, pumping should be at frequent intei-vals, so as to 
keep the level of the fluid low. This may increase the paraffin 
deposit on the sand face; but it is necessary to get thefull effect of 
gravitational seepage, and the paraffin will be very much less 
than it would have been earlier, when the pressure was high. 
The easing head can now be pulled upon regularly by the gasoline 
extraction plant, only slightly at first, then gradually more and 
more, til! as high a vacuum ia attained as is feasible. In Smith 
t and Dunn's method, the pressure gradient is further sustained 

I ■ by a like device of introducing compressed air into some aban- 

doned wells. Then, in turn, this method will also be abandoned 
as too unproductive. 

There will ordinarily be little trouble from paraffin with the 
procedure above described, until the i)erforationa have been set 
low. After this, when the production is considerably reduced, it 
is sometimes desirable, after as much cleaning as ia necessary, 
to treat the sand face with an electric well-heater for 100 hr. 
In case the producing company refines its own product, it would 
be advisable to follow the heating with a naphtha bath or the 
naphtha bath may replace the heating. 

When production has reached an unprofitable point, the well 
should not be abandoned, but held in reserve until the whole pool 
can be brought under the management of one great company or 
ot several cooperating companies. Only by concerted action can 
the next effort by the water-flush method be used to extract the 
remaining oil. Water should be turned down the well situated 
at the lowest point of the sand. It can be obtained either from 
one of the shallow sands or else introduced from the surface. 
This should be run in fast enough to keep the hole filled up to the 
source of the water, in order to have a good head and correspond- 
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iagly rapid penetration. Then an adjacent well should be given 
test pumpings, if not regularly pumped, until the on-fiow of this 
water increases its oil output of the second well. After a period 
of much improved oil production, it will yield more and more 
water in ever-increasing proportions. Then when the amount 
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Showing the effect of deepening the well into the water sand, and so caus- 
ing a flow al water to the well and a funnel-shaped depresatoa in the water 
surface, which increases the flow of oil to the hole. 
Fia. 154. 

of oil is no longer in paying quantities, this well in turn, where 
feasible, should serve as a point of entrance for water. In 
this way, the oil is gradually flushed up the pool to the highest 
wells. When only these highest are producing, discontinue 
introducing water at the lowest wells, so as to prevent the oil 
being washed by the water up to the dip past these wells. Theo- 
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retically, it would seem wise to keep the wells farther down the 
dip open, so that compressed air could be forced in. This air, 
bubbling through the water-filled sand, ought to disengage some 
oil that the moving water alone could not dislodge. The ac- 
cumulation of the air in Uttle domes and pockets in the top of 
the sand would dislodge oil that had been retained there, so that 
it would move on up the dip to the pumping wells. Whether 
this compressed air system will warrant the expense, only actual 
trial can prove. But judging from the outcome of laboratory 
experiments, the prospect is promising. 

Where one company controls a pool, the percentage of oil 
extracted will be greatly increased, if gas wells in the same porous 
reservoir are not used until the oil is nearly exhausted. The 
ideal would be to have oil taken from wells in the lower part of 
the pool where the upper part of the sand does not contain 
gas. Production from such wells only would show an unusually 
gradual decline curve, for it is obvious that in this way the pres- 
sure loss is slightest for a given production. The difference 
would be less if the sand was very "close." 

The rapid falling off of pressure in the north Gushing -field ia 
very disappointing to the operators in that pool. If the full 
significance of the loss in increasing the percentage of unex- 
tractable oil were fully appreciated by them, it would be taken 
still more seriously. Much of this loss of pressure was the re- 
sult of escaping gas. The difficulties as well as the importance 
of such wastes are well known to operators, and the waste took 
place because they did not think they could afford to take any 
other course. But there was one notable exception — the burn- 
ing well in the Cimarron River bottom. This the owners of 
the well, as well as all operators in the pool, were very eager to 
control; but control was not accomplished for days, during which 
the well was losing from 35,000,000 to 60,000,000 eu. ft. of gas 
daily. 

But, in addition to these fires, we have the drilling in of big 
"gassers" near oil territory and in the same sand, or in the 
upper part of the sand above the oil, which " get away " from the 
driller. A bad blow-out may result or the well may catch on 
fire. Only feeble efforts are made to control it, because the 
operator does not know how. In any event, a long delay is 
occasioned by incompetent methods or waiting for materials. 
Such wells are frequently "wildcat" and the operator cannot 
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aEFord to spend much money in expensive preparations to shut in a 
bad blow-out or burning well, such as have occurred at Caney, 
Kansas, at Oil Springs in the Caddo field in Louisiana, or in the 
Cimarron River bottom at Gushing. Other operators look 
upon it as a personal affair, without realizing that every day that 
such a gas well bums or .blows means just so many more barrels 
of oil which can never be recovered from their own wells, and 
brings BO much nearer by months the time such oil wells will 
have to go on the pump, and also the time when they must be 
abandoned. 

The fact is well known that such wells, drilled in the early 
history of a pool and allowed to blow, very considerably reduce 
the gas pressure in that pool — it may be as much as 100 to 200 
lbs. Now, gas pressure in most pools is by far the biggest factor 
in the expulsion of oil from the sand. In other words, if the 
gas pressure is very low — say 25 lbs. or less — no oil in paying 
quantities could be produced from any well whose sand has less 
than a certain degree of fineness, without the aid of gas pumps 
or other uinusual aids, or unusual natural conditions, such as 
encroaching water. 

At Hamilton Switch, where the gas waste was notorious, the 
pressure in the wells dropped probably more than a pound per 
day for some time. The effect of this was immediately shown in 
the production curves of the wells in this pool, which declined 
very rapidly. Proportionately less of the oil content of the 
sand of Hamilton Switch was recovered than if this waste had not 
been permitted. If a fire consumed the amount of oil which 
was lost in that pool by failure to recover it from the sand, the 
catastrophe would have been startling. 

Control of Wild Wells. — While we may expect a reduc- 
tion in the number of wild wells, through the introduction 
of control casing heads, some other means than reliance on the 
individual producer must be found. It is well known that in 
the mining industry the United States Bureau of Mines has 
assumed as one of its functions the establishment and main- 
tenance of rescue cars, which are at the call of any mine where 
an accident creates an imperative need for efficient organiza- 
tion and adequate equipment in coping with just that sort of 
emergency. It would be very difficult for a group of operators 
in the oil business to maintain such an equipment and organiza- 
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tion, although it is to the general interest that such wild wells 
be iminediateiy capped. 

When not only the possibility of such losses is considered, but 
the fact that they are occurring every year, would it not be a 
great additional service which the Bureau of Mines might render 
to the petroleum industry in maintaining two cars located at 
stratogic points — as Bakersfield, Cal., and Tulsa, Okla. — 
equipped with the most approved fire-fighting apparatus and 
other paraphernalia for controlling wild wells, and in charge of 
an expert in this kind of work? The Bureau already has such 
men in its service. Between times they could be engaged in 
their present work near these points, but would be at the call 
of any wild or burning well. The experience thus gained would 
lead to improvements in methods and equipment, so that such 
work would soon be much more expeditiously accomplished. 

Two. objections might be raised.^ First, that it is better to 
educate the operator to prevent bio w-outs and fii-es. By all means 
educate as far as possible. But let no one suppose that this will 
end blow-outs and fires. Where the chances of disaster are very 
small, men will never take precautions that are irksome or ex- 
pensive. But it is these very small chances which lead to serious 
disasters. 

The second objection is that the Government should not 
assume the expense in this way, since some individual was at 
fault. However, the benefit is so much greater to the other 
operators and land owners than to the operator in question, 
that they cannot ifford to leave the decision in his hands. 
Further, the control is frequently so expensive to him as to be 
ruinous. A close parallel can be found in the, case of the fire 
departments of cities. Because a fire threatens more than the one 
house which is burning, the community finds it to its advantage 
to accomplish the extinguishing in the quickest and most efficient 
way, even though the Government incidentally pays for it. 

We need an emergency car, then. Congress should provide an 
additional appropriation to the Bureau of Mines, and thus 
minimize the damage to the Nation's store of oil and gas from 
these recurrent disasters. 

Size and Scope of Companies. — The relative efficiency of 
large and small producing companies is a matter of great interest 

See JoiiNHON unci Hdntley, "Plana tor the Control of Wild Gaa Welb," 
^ Oil and Gas Journal, May 6, ISlC, 26. 
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and importance. The following theoretical considerations, as 
well aa actual practice, all point to the advantage of large units 
of capital and management. The advantages are: 

1. Ability to employ more efficient and more highly specialized men, 
and give a wider application tu their activities. 

2. The reduction in the number of offsets to be drilled. 

3. Ability to connect up the largest number of wells that each power 
is capable of pumping. 

4. Economy in labor, by having one pumper tend several neighboring 
powers. 

5. The more continuous utilization of the plant and equipment, such 
as pulling machines, for instance. 

6. Saving in time and teaming by miuntaining welt distributed and 
stocked storehouses. 

7. The ability to install a gasoline extraction plant, because of the 
company's control of the necessary number of neighboring wells. 

8. The conservation of pressure nnd the use of water-flushing can 
be more frequently employed when the whole pool is owned by. one 
company, or, at most, by but a few companies whose managers could 
easily reach an agreement, which would be difficult were there, instead, 
many small lease holders. 

9. Important experiments can be tried, such as testing the relative 
merits of competing methods and materials. 

10. Economy of surveying. 

11. By holding several contiguous leases, uistead of a few scattered 
ones, a large company may "feel out," from established production, 
location by location, relatively unhampered by property lines, 

12. By holding several contiguous leases, the laige company will 
far less frequently be forced to drill according to the terms of the lease, 
before the needed information is in hand. 

13. The logs in a large company are nearly always more carefully 
recorded and are always available. Whereas, among many small 
companies, there are invariably some who keep verj' poor logs or hold 
them secret, and ia some cases there are some who even falsify their 
records. By means of this fuller information, casing requirements and 
the proper depths of tests can be anticipated, sometimes saving an 
unnecessary hole, or preventing the premature discontinuance of a well. 

14. Lower prices, better quality and greater umformity in supplies are 
possible when purchased in large lots. 

15. The economy of a large company drilling its own wells without 
letting them out to contractors. Or, if because of the difficulty of 
getting a competent superintendent of drilling, the company decides 
to contract, this can be done at far cheaper rates than ordinarily, from 
the circumstance of there being many wells close together in one 
contract. 
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16. A lessened danger from premature flooding by water from im- 
proper casing or plugging. Also, lesa gas waste by small, irrespoiiBible 

or incompetent neighbors. , 

These foregoing reasons apply to the greater efficiency of con- 
centrated or large producing companies. The following con- 
siderations indicate the higher efficiency which results from the 
integration of the industry, that ia, the bringing under one manage- 
ment of the various successive steps in the oil and gas industry, 
such as production, transportation, refining, and distribution. 

1. With integration, it would be possible to store oil in relatively 
few central, large, steel tanks, when otherwise the oil would deteriorate 
more rapidly in numerous smaU and more leaky tanks. 

2. Gasoline extraction plants can extract gasoline from the storage 
tank vapors, since there would be enough to make it feasible. 

3. By controlling, to a certain degree, the rate at which wells are 
drilled, the danger of overproduction may be reduced and a steadier 
market assured. 

4. The oil and gas business should be in the hands of the same com- 
pany, aa otherwise the one-sided eagerness of the oil producer may 
lead hira to waste vast quantities of gas. The search for gas is made 
easier by the knowledge obtained in the oil operations and vice versa. 

5. Pipe lines and laterals can be planned in a more systematic and 
farsightcd way, 

6. Water and fuel for pumping and drilling can more frequently be 
supplied from the nearest available source. 

7. The guarantee of a regular production for the refinery mokes for 
greater economy and efficiency there, as well as in the marketing of the 
oil. 

As a partial offset to these advantages of both concentration 
and integration, there are the following five foes to efficienfy in 
all large scale business: 

1. Unwarranted favoritism in appointments and promotion. How- 
ever, there is much more of this evil in small companies than is usually 
supposed. 

2. Slacking up, because the personal interest is less keen and vital. 

3. The tetnptation to sacrifice the interests of the company to those 
of officers, superintendents and foremen. 

4. Jealousy among departments or diviBions of the company. 

5. A clique spirit that tends to advance the men already with the 
cocnpany, when sometimea new and valuable men from the outside 
are needed. 
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These difficulties are not necessary, and can be overcome, in a 
large measure, by a high degree of executive ability on the part 
of the higher offices. In practice, the losses from these five 
causes are evidently less than the gains in most cases, because, 
aS a matter of fact, the large, integrated companies are con- 
stantly buying more properties, so that the perceatage of leases 
held by the great companies is steadily increasing. 

The greatest losses of efficiency result from dividing the 
operations in one pool among several companies. This con- 
dition can only rarely be remedied in the old pools or where 
the surface area is cut up among holders. On the public lands, 
though, v;hich are to produce so much of the oil of the United 
States, the decision lies with the Government. To overcome 
the difficulties and accomplish unified management, the Oliver 
plan has been proposed.' In this the Government takes a lai^e 
area of the public land, making a natural unit (which has been re- 
ported by the United States Geological Survey as probably pro- 
ductive), and leases it to one company made up for the purpose. 
The Government asks for subscriptions to stock in this company, 
and the amount held by each subscriber is liinited. Only by thin 
method can the desirable end — of one pool operated by one 
company — be accomplished. 

Wiser Utilization of Oil. — Once the petroleum is pumped to 
the surface, there is very little preventable loss, other than that in 
casing-head gas' and by evaporation. Yet there is one very 
serious loss of a different and wilful type — the burning of good 
oil for inferior uses. For instance, it is common to burn a grade 
of oil under the boilers that is capable of being refined into lubri- 
cating oil, and which may even carry a fair percentage of gasoline, 
kerosene, and paraffin. Doubtless where coal is scarce and oil 
inferior and plentiful, this is justifiable. To burn the residuum 
of most oils elsewhere, except for specific purposes, would be 
a lamentable use to make a product that would be worth so 
much more in the future for higher purposes. Moreover, whe|i 
an oil is to be used for the production of power, far greater 
efficiency can be had by the internal combustion engine, of 
either the carburetor or Diesel type, than by burning it under 
a boiler. 

> Sea SeTiote Hearing on H. R. IBISB, eSrd Cong., Sd Sesaiim. 
' See p. 438. 



CHAPTER XI 

THE CONDENSATION OF GASOLINE PROM NATURAL 
GAS< 

The occurrence of gasoline in gas pipe lines, noted long ago, 
probably first brought to mind the possibihty of extracting gaso- 
line from natm-ol gas, but it required the increased demand for 
gasoline of recent years to make its production in this way a 
matter of commercial consequence, 

A. Fasenmeyer made gasoline from the gas of oil wells near 
Titiisville, Pa., in the fall of 1904. His plant is almost within 
sight of the old Drake well. His first equipment was a makeshift 
affair. The gas from the wells, after leaving the gas pumps, 
was cooled by paasing through a coil of pipp immersed in a tank 
of water. The condensate produced was allowed to drip into 
a wooden barrel and the losses resulting from evaporation were 
large. The product when first collected had a gravity of 80° to 
QCBfi. Fasenmeyer's production the first year was approxi- 
mately 4,000 gal., for which he received 10 cts. per gallon. Tomp- 
sett Bros., of Tidloute, Pa., claim to have preceded Fasenmeyer 
in the»operation of plant on a cocnmercial scale, and they are 
operating successfully at the present time. 

As these ventures proved a commercial success, attention was 
turned to the designing of better plant equipment.* Gas and 
oil operators in other oil fields in the United States proceeded to 
install gasoline plants. 

> Boflcd upon Bulklin 88 of the Uniled Slalei Bureau of Mina, I91B, to 
whioh the reader ia referred for detailed information. See also Tcehnieal 
Paper 10 of the Bureau, of Mine», 1912 ; and Singer's comprehensive. report 
on the manufacture of natural gaa condeiiBateB in Petroleum, 9 (1914), 
453-75. Singes gives an extonsive bibliography. 

For G. M. SAYDoLT'a abaorption method, see United States Patent 
989927, April 18, 1911. The Saybolt proceea, which is owned by the 
Standard Oil Company, is now usud by the Hope Natural Gas Company, 
of Pittsburgh, Pa. Natural gas is caused to bubble, at a suitable pressure 
above atmospheric pressure, through a medium (oil of ap. gr. 0.85 Ut 0.90) 
capable of absorbing naphtha. On absorption mcthoda, see Borrell, 
Bu>DisoN and Obehfbli., Met. Chem. Eng., U (11)16), 651; Bulklin ISO, 
Bureau of jtftrifs,- and also BuU. 7S of the Cat. SlaU Min. Bur., 1917, 228. 

*0n the patented piocessoa for making casing-head gasoline, see Chute, 
Mel. Chcm. Eng.. 12 (1014), 117 
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Growth of Industry. — The making of gasoline from natural 
gas increased from a production of a few thousand gallons in 
1904 to about 43,000,000 gal. in 1914. Not until 1909 did the 
industry assume commercial importance. According to the 
United States Geological Survey, the increase in production of 
gasoline for the year 1912 over 1911 was 63 per cent.' The rate 
of increase for the year 1913 over 1912 was 100 per cent. The 
gas used represents that which previous to the installation of 
plants for the production of gasoline was principally wasted, 
being, for the most part, "wet" gas which comes from the casing 
heads of oil wells. 

Constituents of Natural Gas — Natural gases are mixtures in 
which the hydrocarbons of the paraffin series predominate, and 
methane is the preponderating constituent, the characteristic 
hydrocarbon of all natural gases. Small quantities of nitrogen, 
carbon dioxide, and water vapor constitute the impurities. In 
some gases, however, the percentages of nitrogen and carbon 
dioxide are large. One analysis has been published in which 
nitrogen comprised 98,5 per cent, of the total, and another in 
which the carbon dioxide equaled about 30 per cent, of the total. 

The exact proportions of the constituents in natural gases 
cannot be determined by ordinary methods of analj'sis, although 
the total quantity of paraffin hydrocarbons can be thus obtained 
and the heating value and specific gravity determined. Natural 
gas may be separated into its constituents by liquefying it by 
means of liquid air and separating the constituents of the lique- 
fied gas by fractional distillation. By this means Burrell, Seibert 
and Oberfell* showed that the natural gas used in Pittsburgh 
contained 84.7 per cent, methane, and that an extremely 
"wet" gas from which gasoline is condensed commercially con- 
tained only 36.8 per cent, methane. 

The paraffin hydrocarbons that principally concern the gaso- 
line producer are methane, ethane, propane, and the butanes, 
pentanes, hexanes, and heptanes. Of these, the first four are 
gases at ordinary temperatures, the last three- liquids. The 
gases after contact with the oil in the earth bring with them 
the vapors of the liquid hydrocarbons. The vapors are carried 
along with the permanent gases in the same manner that water 

' On the production and torlinology of the natural-gas gasoline industry 
in 1912, see OU, Paint a,id Dnig Repl., 86 (1914), No. 13, p, 33. 
' Butt. 88 of the United Slatea Bureau of Minet. 
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vapor exists with air. After treatment in the gasoline pla 
where the capacity of the gases to carry the vapors is mud 
lessened, the vapors are deposited. 

factors Affecting Yield of Gasoline from Natural Gas.*- 
The quantity of gasoline vapore in any particular gas mixture ii 
dependent upon the character of the oil in the sand, the tem 
perature and pressure existing in the sands, the porosity opi 
cloBeness of the strata, the intimateness of contact between gas 
and oil, and other leas important factors. The pentanes, hex- 
anes, and heptanes are the only constituents of crude oil that,— 
at earth temperatures, have vapor pressures of such magnitud« ' 
that they are distilled in quantity from the crude oil; hence, them 
are the chief liquid constituents of natural-gas gasoline. 

In wells yielding gas suitable for gasoline condensation, thi 
three gases, methane, ethane, and propane, invariably occur iflp 
the gaseous condition, and butane also is usually present in t 
gaseous condition. 

Methods of Testing for Gasoline Yield. — By itself the ordinal 
eudiometric analyKia is of little use for testing a sample of naturali 
gas in order to determine its suitabiUiy for gasoline production. 
LaboratoTy methods in principal use have to do with solubility 
and speciEc gravity tests. The Bureau of Mines has used alcohol 
and claroline oil; 100 c.c. of the gas is shaken with 35 c.c. of the 
oil or with 50 c.c. of the alcohol until absorption ceases. For 
the determination of specific gravity Burrell and his co-workers 
have both weighed the gas and used Bunsen's effusion method. 
These investigators have found that natural gases at present 
used for ga.soline production have a specific gravity of 0.80 or 
higher, and are soluble to the extent of 30 per cent, or more in 
the solvents used. Laboratory tests serve best as preliminary 
indications previous to tests of the gas at the well by means of a 
experimental compressing plant. 

Use of Pitot Tube and Gas-Analysis Apparatus. — The Pitoil 
tube as ordinarily used for measuring the flow of gases, that ls,9 
where the static pressure is not obtained, may give results thafrT 
are 8 per cent, in error, even though the tube is correctly used. J 
When the static pressure is obtained and all readings are takenJ 
with a sufficient degree of refinement, they may vary only 1 i 

> BcRRELL, Seibeht and Oberfell, he. cit. It may be aoted ihatS 
by ahaorption methods much of the so-called "dry" natural ge 
treated. 
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cent, more or less from the correct results. The amount of 
casing-head gas that flows from a casing head may vary from 
little or nothing up to 500,000 or more cu. ft. of gas per 24 hr. 
Wells should be allowed to vent from 3 to 24 hr, before meaaure- 
ments of the flow are made. 

A simple gas-analysis determination will show an operator 
whether air is leaking into his gas mains. Some gases that are 
used for condensing gasoline contain 40 per cent, or more of air, 
due to leakage. 

Life of Wells as Regards Gasoline Production. — Regarding 
the life of wells as to flow of gas for gasoline condensation, it can 
be stated that wells fronj which gas has been escaping freely 
for several years will be long enough lived to insure a return of the 
initial investment with profit, that is, if the gas contains the 
necessary quantity of gasoline vapore. 

Data Regarding Compressloa. — The condensation of gasoline 
from natural gas is a physical process. The process in principal 
use at the present time consists essentially in compressing the 
gas to pressures up to 300 lb. and cooling it with water of ordinary 
temperature (see Fig, 155). Cooling the gas by means of a re- 
frigerant without compression, or using a refrigerant other than 
water in conjunction with compressors, are processes that are 
also employed.^ 

The pressure best suited for the condensation of gasoline from 
natural gas depends upon the partial pressures of the gases and 
vapors present in the mixture. The partial pressures are diffi- 
cult to determine. Hence the best that one can do in plant 
operation is to experiment until the most suitable pressures are 
found. 

Single-stage or two-stage compressors are generally used in 
gasoline-plant operations. Single-stage compressors are used 
where pressures of 110 lb. per square inch are not exceeded. 

Several changes occur in the gas when it is treated in a gasoline 
plant for the condensation of gasoline. One has to do with the 
condensation of vapor, another with the liquefaction of gas, and 
a third with the solubility of gases in the Uquids produced. 

The condensate as it is received in the accumulator tanks eon- 
sista principally of the liquids pentane and hexane and the lique- 

' See Lakbt, Beiaemer Monlhly, December, 1913, 1. Absorption melhodB 
have been used for mnny years in Germaoy aad to a large extent during 
1015 aod lOlQ in tlie United Stotea. 
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fied gas butane. Some heptane and liquid propane may also be 
present. 

For a particular natural gaa there is a certain pressure beat 
suited to produce the most salable gasoline. Increasing the 
pressure may result m producing more condensate in the accumu- 
lator tanks, but the additional yield may be so volatile as to 
quickly escape after exposure to air. 

The quantity of gas that dissolves in the condensate in the 
accumulator tank is so small as to be insignificant. 

At least one plant in the United States using a refrigerative 
method with low pressures is in successful operation. 

Cost Data. — Exclusive of foundations and housing for machin- 
ery, pipe lines to wells, railroad sidings, storage tanks, etc., the 
compression and condensing equipment for gasoline plants costs 
from about $2,800 for a plant for handling 120,000 cu. ft. of 
gas up to $7,800 for a plant for handling 600,000 to 700,000 cu. 
ft, of gas. Two plants that produced 490,000 gal. of gasoline in 
1913 cost $40,000 to complete. The owners realized 55 per cent. 
on their investment the first year. 

Heating Values and Explosive Limits of Natural Gases. — The 
heating value of the natural gas used for the condensation of 
gasoline from natural gas may be as high as 2,500 B.t.u. at 0°C. 
and 760 mm, pressure. None of the residual gases tested by the 
Bureau of Mines had a heating value lower than 1,000 B.t.u. 
At one plant the residual gaa had a heating value of almost 2,300 
B.t.u. 

The explosive limits of the natural gases used for the condensa- 
tion of gasoline from natural gas are low and narrow. These 
limits are approximately, for the low limit, 3.5 per cent, gas, and 
for the high limit, 9.5 per cent. gaa. 

Special precautions must be taken to avoid explosions. 

Evaporation Losses. — Evaporation losses that resulted when 
natural-gas condensates of different specific gravities were ex- 
■ posed to the atmosphere in certain forms of containers ranged 
at one plant from 4.5 per cent, to 24 per cent, at the end of the 
first hour, from 8.5 to 33 per cent, at the end of the second hour, 
from 9,5 to 40 per cent, at the end of the third hour, and about 
54 per cent, at the end of 18 and 24 hr. 

At another plant the losses for condensate ranging from a grav- 
ity of 79° to aS'B^. were to 19 per cent, for the first hour, to 

3 per cent, for 2 hr., 1 to 34 per cent, for 3 hr., 2 to 38 per cent. 
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for 4 hr., 3 to 45 per cent, for 6 hr., 4 to 48 per cent, for 7 hr., 
4 to 46 per cent, for 8 hr., and 10 to 65 per cent, for 24 hr. 

A Blower rate of evaporation occurs from a mixture of refinery 
naphtha and a condensate than when the condensate is allowed 
to evaporate separately. In some tests conducted by Burrell, 
Seibert and Oberfell, the saving at the end of the first hour was 
about 6 per cent, in favor of the blends; at the end of the second 
hour, about 10 per cent.; at the end of the third hour, about 11 
per cent.; at the end of the fourth hour, about 10 per cent.; at 
the end of the fifth hour, about 12 per cent.; at the end of the 
sixth hour, about 11 per cent.; at the end of the seventh hour, 
about 8 per cent,; and at the end of the twenty-fourth hour, 
about 14 per cent. 

Vapor Pressures. — Freshly drawn condensates with a gravity 
of gS'B^. may have a vapor pressure of 14 to 48 lb. per square 
inch at temperatures of 56° to 100°F. (13° to 38''C.), Condensates 
with a gravity of 78°B^. may have vapor pressures ranging from 
3 to 19 lb. per square inch at temperatures of 55" to lOOT. (13" 
to 38°C.). Condensates with a gravity o/ TS^B^. may have 
vapor pressures ranging from 3 to 19 lb. per square inch at tem- 
peratures of 55" to 109''F. (13° to 43''C.). 

After a condensate with a gravity of d3°B4. has lost 40 per 
cent, of its volume by evaporation, the vapor pressures may range 
from 1 lb. to 19 lb. per square inch at temperatures ranging from 
55" to 109"F. (13" to 43"C.). 

When a freshly drawn condensate having a gravity of 93°B6, 
is mixed with refinery naphtha with agravity of 60''B^.,the vapor 
pressures may be 57 to 70 per cent, of the vapor pressure of the 
condensate alone. Condensates of the same specific gravity may 
have different vapor pressures. 

The Transportation of Natuial-Gas Gasoline. — ^The rules of 
the Interstate Commerce Commission regarding the shipment of 
natural-gas gasoline are as follows. 

REGtILATIOMS FOR THE TRANSPORTATION ON RAILROADS OF 
NATURAL-GAS GASOLINE' 

LiqueRed petroleum gas is a condensate from the "casiDg-head gas" 
of petroleum oil wells, whose vapor tension at 100°F. (SS^C.) (WF.- 

' From "Regulations of the Interstate Commerce Commission for the 
Transportation of Explosives and Other Dangerous Articles by Freight and 
by Express, and Specifications for Shipping Containers," publiahed by the 
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32''C,, Nov. 1 to Mar. 1) exceeds 10 lb, per square inch. Liquefied 
petroleum %a& must be shipped in metal drums or barrels wluch comply 
with " Ship ping-Container Specifications No. 5," or in tank cars eape- 
cially constructed and approved for this service by the Master Car 
Builders' Association. 

When the vapor tension at lOCF, (SS'C.) exceeds 25 lb. per square 
inch, cylinders as prescribed for compressed gas must be used. 

[The commission has not deemed it best at this time to prohibit the 
use of good wooden barrels in shipping inflammable liquids with a flash- 
point below 20^. {— 7°C.)- It is, however, expected that their use for 
that purpose will be gradually discontinued and that within a reasonable 
time metal barrels will come into general use for such shipments.] 

Packages contauiing inflammable liquids must not be entirely filled. 
Sufficient interior space must be left vacant to prevent distortion by 
containers when heated to a temperature of 120°F. {iQ'C.). This 
vacant space must not be less than 2 per cent, of the capacity of the 
container, including the dome capacity of tank cars. 

1. The provisions of "Shipping-Container Specifications No. 5" 
apply to all containers specified therein that are purchased after Dec. 
31, 1911, and used for the shipment of dangerous articles other than 
explosives. Each such container purchased subsequently to Dec. 31, 
1911, shall have plainly stamped thereon the date of manufacture thereof. 

2. An iron or steel barrel or drum with a capacity of from 50 to 65 
gal. must have a minimum weight in the black, exclusive of the weight 
of rolling hoops, of 70 lb. and the minimum thickness of metal in any 
part of the completed barrel must not be less than that of No. 16 gauge 
United States standard. 

3. An iron or steel barrel or drum with a capacity of from 100 to 
110 gal. must have a minimum weight in the black, exclusive of the 
roUing hoops, of not less than 130 lb. and the minimum thickness of 
metal in any part of the completed barrel or drum must not be less 
than that of full No. 14 gauge United States standard. 

4. Each barrel or drum must stand without leaking a manufacturers' 
te^t under water by interior compressed air at a pressure of not less than 
15 lb. per square inch sustained for not less than 2 miu., and the type 
of barrel or drum must be capable of standing without any serious 
permanent deformation and without leaking a hydrostatic test pressure 
of not less than 40 lb. per square inch, sustained for not leas than 5 min. 

5. When filled with water to 98 per cent, of its capacity, the type of 
barrel o- drum must also be capable of standing without leakage a test 
drop on its chime (or a height of 4 ft. upon a solid concrete foundation. 

Bureau for Uic Safe Tranaportation of Explosives and Otiier Daiigproua 
Articles, in January, IBIS, pp. 72, 143, 144, and U5. Effective Mar. 31, 
1912. 
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6. Bungs and other openinga must be provided with secure dosing 
devices that will not permit leak&ge through them. Threaded metal 
plugs must be close fitting. Gaskets must be made of lead, leather, or 
other suitable material. Wooden plugs must be covered with a suitable 
coating and must have a driving fit into a tapered bole. 

7. The method of manufacturing the barrel or drum and the materials 
used must be well adapted to producing a uniform product. Leaks io 
a new barrel or drum must not be stopped by soldering, but must be 
repaired by the method used in constructing the barrel or drum. 
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